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(57)Abstract: 

PROBLEM TO BE SOLVED: To make the movable 
range of a stage larger than the measurable range of 
an interferormeter for measuring the position of the 
stage, and to accurately measure the position of the 
stage. 

SOLUTION: A wafer stage WST is moved from a 
position, where mobile mirrors 22X and 22Y on the 
side faces are not irradiated with laser beams from 
laser interferometers 15X1, 15X2, and 15Y, and 
when the wafer stage WST enters the measurable 
range of the laser interferometers 15X1, 15X2, and 
15Y, the position of a reference mark MA is 
measured by a wafer alignment sensor, and the 
measured values of the laser interferometers 15X1, 

15x2, and 15Y are corrected based on the measured result. Also, when a stage 14 for 
measurement enters the measurable range of the laser interferometers 15X1, 15X2, and 
15Y, the position of the reference mark MB is measured by the wafer alignment sensor, 
and the measured values of the laser interferometers 15X1, 15X2, and 15Y are corrected, 
based on the measured result. 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
deunages caused by tbe use of tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more movable stages arranged free [ migration ] mutually- independent along a 
predetermined migration side, The 1 st system of measurement which is predetermined measurement 
within the limits and measures the location of one movable stage in said two or more movable 
stages. Are ******** stage equipment and each of two or more of said movable stages is received. 
Stage equipment characterized by having the 2nd system of measurement which measures whenever 
[ to the predetermined amount of location gaps or said predetermined criteria location from a criteria 
location of said measurement within the limits of this movable stage / agreement ], and amending the 
measurement value of said 1st system of measurement based on the measurement result of said 2nd 
system of measurement. 

[Claim 2] Two or more movable stages arranged free [ migration ] mutually-independent along a 
predetermined migration side. The 1st system of measurement which is measurement within the 
limits of ** a predetermined 1st, and measures the location of one movable stage in said two or more 
movable stages, Are ******** stage equipment and each of two or more of said movable stages is 
received, the measurement result of the 2nd system of measurement which is measurement within 
the limits of** the 2nd which overlaps said the 1st measurement range and partial target, and 
measures a location continuously, and said 1st and 2nd system of measurement — being based ~ this 
— the stage equipment characterized by establishing the control system which amends the 
measurement result of two system of measurement. 

[Claim 3] It is stage equipment which is stage equipment according to claim 2, and is characterized 
by said 1st system of measurement being two or more interferometers which are interferometers and 
have the measurement range where said 2nd system of measurement overlaps partially one by one. 
[Claim 4] The aligner characterized by imprinting on a substrate, being the aligner equipped with 
claims 1 and 2 or stage equipment given in three, laying the mask with which a mutually different 
pattem was formed in said two or more movable stages of said stage equipment, and positioning the 
pattem of the mask on said two or more movable stages by tums. 

[Claim 5] The aligner characterized by being the aligner equipped with claims 1 and 2 or stage 
equipment given in three, laying a mask on the 1st [ of two or more of said movable stages of said 
stage equipment ] movable stage, laying the property metering device for measuring the property at 
the time of imprinting the pattem of said mask on the 2nd movable stage, and imprinting the pattem 
of said mask on a substrate. 

[Claim 6] The aligner characterized by exposing a predetermined mask pattem by tums on said two 
or more substrates while it is the aligner equipped with claims 1 and 2 or stage equipment given in 
three, a substrate is laid on said two or more movable stages of said stage equipment, respectively 
and said two or more movable stages are positioned in an exposure location by tums. 
[Claim 7] The aligner characterized by being the aligner equipped with claims 1 and 2 or stage 
equipment given in three, and projection optics, laying a substrate on the 1st [ of two or more of said 
movable stages of said stage equipment ] movable stage, laying the property metering device for 
measuring the image formation property of said projection optics on the 2nd movable stage, and 
exposing a predetermined mask pattem through said projection optics on the substrate on said 1st 
movable stage. 

[Claim 8] When it is the positioning approach using stage equipment according to claim 1 and one 
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movable stage in said two or more movable stages goes into measurement within the limits of said 
1st system of measurement The positioning approach using the stage equipment characterized by 
measuring whenever [ to the predetermined amount of location gaps or said predetermined criteria 
location from a criteria location of said measurement within the limits of this movable stage / 
agreement ] according to said 2nd system of measurement, and amending the measurement value of 
said 1st system of measurement based on this measurement result. 

[Claim 9] It is the positioning approach using claim 2 or stage equipment given in three. In case one 
movable stage in said two or more movable stages goes into said measurement within the Umits of 
** a 1st from said 2nd measurement range side The positioning approach using the stage equipment 
characterized by measuring the location of said movable stage to coincidence, and doubling the 
measurement result of said 1st system of measurement with the measurement result of said 2nd 
system of measurement based on this measurement result according to said 1st and 2nd system of 
measurement. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for the aligner which was equipped with the stage 
equipment and its stage equipment for positioning for example, a processing object etc., and was 
especially equipped with various devices, such as an image formation property measuring machine 
style, about the aligner used in case a mask pattem is imprinted on a substrate at the lithography 
process for manufacturing a semiconductor device, a liquid crystal display component, or the thin 
film magnetic head, and is suitable. 
[0002] 

[Description of the Prior Art] A high exposure precision is demanded of the aligner of the one-shot 
exposure mold (stepper mold) used in case a semiconductor device etc. is manufactured, or scan 
exposure molds (step -, - scfinning method, etc.). Therefore, the reticle stage which lays and positions 
the reticle as a mask in an aligner conventionally, or in the wafer stage which lays the wafer as a 
substrate and carries out two-dimensional migration The migration mirror is being fixed to that side 
face, respectively, by irradiating a measurement beam from interferometers, such as a laser 
interferometer, at that migration mirror, the movement magnitude of the stage concerned is always 
measured continuously, and a stage can be positioned now with high precision based on this 
measured value. In such stage equipment, the interferometer of three shafts has usually realized 
displacement measurement of three degrees of freedom called the migration component and rotation 
component of the two-dimensional direction of a movable stage. 

[0003] However, with such conventional stage equipment, since the measurement beam from each 
interferometer always needed to be irradiated by the migration mirror in all the fields of the 
maximum successive range (movable range) of a movable stage, respectively, the migration mirror 
needed to make the dimension larger than the movable range so that it might continue reflecting the 
measurement beam from each interferometer, even if the movable stage moved. 
[0004] for this reason ~ if it is going to extend the movable range of a movable stage ~ a Im-ge-sized 
migration mirror — needed — it — following — the configuration of the whole stage — large — not 
becoming — the problem that it becomes difficult not to obtain, therefore for a stage to become heavy 
and to make it move at high speed arises. Moreover, great technical difficulty follows on processing 
a large-sized migration mirror with predetermined flatness, and fixing to the side face of a movable 
stage, without making a still bigger migration mirror produce bending also has great difficulty 
technically. However, since the fall of the flatness of a migration mirror leads to the fall of the 
positioning accuracy of the stage by the interferometer directly, the problem that the movable range 
of a movable stage finally must be restricted has produced it. 

[0005] There are some which are indicated by JP,7-253304,A as stage equipment for solving such a 
problem. Even if the measurement beam from the interferometer of 1 separates from this indicated 
stage equipment from the measuring range of a migration mirror by installing more numbers than the 
number of the degrees of freedom of the variation rate of a movable stage (for example, it considers 
as three degrees of freedom) of interferometers (for example, four shafts), it can be made to perform 
measurement for a degree of freedom of migration of the stage concerned with the remaining 
interferometer. And if a migration mirror enters again in the measuring range of the interferometer of 
1 which separated from the migration mirror, as the movement magnitude of a movable stage can be 
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measwed with the interferometer of 1 , magnitude of a migration mirror is made smaller than the 
movable range of a movable stage by setting up the measured value in the remaining interferometer 
as initial value of the interferometer of 1 . 

[0006] Moreover, in these aligners, it is always proper light exposure, and the reticle stage which 
positions a reticle since it is necessary to expose where a high image formation property is 
maintained, or the wafer stage which performs positioning of a wafer is equipped with the metering 
device for measuring image formation properties, such as conditions, such as an illuminance of 
exposure light, and a projection scale factor. For example, there is a space image detection system 
for measuring the exposure monitor for measuring the incidence energy of the exposure light to 
projection optics as a metering device with which the wafer stage is equipped, a location, contrast of 
a projection image, etc. On the other hand, as a metering device which it has on the reticle stage, 
there is an orientation plate with which the index mark used for image formation property 
measurement of projection optics, for example was formed. 
[0007] 

[Problem(s) to be Solved by the Invention] While rationalization of light exposure was attained using 
the metering device formed in the reticle stage or the wafer stage in the conventional aligner like the 
above, the high image formation property was maintained. On the other hand, it is also required that 
the throughput (productivity) of the exposure process at the time of manufacturing a semiconductor 
device etc. should be raised to the latest aligner. As an approach for raising a throughput, the drive 
rate of a stage other than the approach to which the exposure energy per unit time amount is made to 
increase is enlarged, with an one-shot exposure mold, stage stepping time is shortened and there is 
the approach of shortening stage stepping time and the scan exposure time in a scan exposure mold. 
[0008] Thus, in order to raise a drive rate with the drive motor of the conversely same output as the 
former, it is necessary to miniaturize and to lightweight-ize a stage system that what is necessary is 
just to use the drive motor of an output larger when a stage system is the same magnitude in order to 
raise the drive rate of a stage. However, if the drive motor of a larger output is used like the former, 
the heating value generated from the drive motor will increase. Thus, the increasing heating value 
produces delicate heat deformation of a stage system, and has a possibility that the high positioning 
accuracy demanded with the aligner may no longer be acquired. Then, in order to prevent 
degradation of positioning accuracy and to improve a drive rate, a miniaturization and lightweight- 
izing are expected a stage system as much as possible like the latter. 

[0009] Especially, in the aligner of a scan exposure mold, while the scan exposure time is also 
shortened by improvement in a drive rate and a throughput is greatly improved, there is a big 
advantage that the synchronous precision of a reticle and a wafer also improves and the image 
formation engine performance and superposition precision also improve by the miniaturization of a 
stage system. However, when the reticle stage or the wafer stage is equipped with various metering 
devices like before, it is difficult to miniaturize a stage. 

[0010] Furthermore, when the reticle stage or the wafer stage is equipped with the metering device 
for measuring a condition or an image formation property of exposure light etc., while the heat 
source of amplifier etc. is usually attached to the metering device, the temperature of the metering 
device rises gradually by the exposure of exposure light during measurement. Consequently, a reticle 
stage or a wafer stage carries out heat deformation delicately, and there is also a possibility that 
positioning accuracy, superposition precision, etc. may deteriorate. In the present condition, although 
degradation of the positioning accuracy by the temperature rise of a metering device etc. is slight, it 
is expected that the need of controlling the effect of the temperature rise of a metering device 
increases as circuit patterns, such as a semiconductor device, will make it detailed further from now 
on. 

[001 1] Although the die length of a migration mirror can be made small compared with the movable 
range of a movable stage by using the stage equipment indicated by above-mentioned JP,7-253304,A 
about this, it can seldom contribute to the miniaturization of the movable stage itself even in this 
case. Therefore, in order to aim at mitigation of the effect of the improvement in the throughput of an 
exposure process, and the exposure heat of exposure light, still more nearly another device is 
required. 

[0012] Moreover, in the ahgner, especially the projection aligner, raising resolution, the depth of 
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focus (DOF:Depth of Forcus), line breadth control precision, etc. other than the improvement in a 
throughput is also called for. When exposure wavelength is set to lambda and numerical aperture of 
projection optics is made into N.A. here, resolution R is proportional to lambda/N.A., and the depth 
of focus DOF is lambda/2 (N.A.). It is proportional. For this reason, if exposure wavelength lambda 
is only made small and numerical-aperture N.A. is enlarged in order to raise resolution R (the value 
of R is made small), the depth of focus DOF will become small too much. 

[0013] In order to manufacture a device about this, it is necessary to form on a wafer the pattern with 
which a periodic pattem like Rhine - and - tooth-space (last shipment) pattem, an isolated pattern 
like a contact hole (CH) pattem, etc. combined. And the technique of raising resolution is developed, 
without narrowing the depth of focus by the so-called deformation illumination about recently, for 
example, a periodic pattem, as indicated by JP,4-225514,A. Moreover, the phase shift reticle method 
is also developed. The technique of similarly raising the depth of focus etc. substantially by the 
approach of controlling the coherence factor of the illumination light, for example also about an 
isolated pattem is developed. 

[0014] The double exposure method is improved as an approach of raising resolution, without 
making such a technical trend into a background and making the depth of focus shallow too much 
substantially. That is, if a double exposure method is applied, the depth of focus large as a whole and 
high resolution will be obtained by dividing the reticle pattem for some layers into two or more 
reticle patterns according to a class, and exposing each in piles on the optimal lighting conditions 
and exposure conditions. Recently, the attempt in which the pattem of the device with which this 
double exposure method is fiirther applied to KrF excimer laser and the projection aligner using ArF 
excimer laser as an exposure light, for example, line breadth contains the last shipment pattem to 0.1 
micrometers will be exposed is also examined. 

[0015] However, if it is going to apply this double exposxire method to a projection aligner with one 
set of a wafer stage, since it is necessary to repeat processes, such as alignment and exposure, 
serially and to perform them, there is un-arranging [ that a throughput deteriorates sharply ]. Then, in 
order to raise a throughput, two or more wafer stages are prepared and the projection aligner which 
enabled it to perform alignment and exposure to juxtaposition is also proposed. However, when two 
or more sets of wafer stages were prepared in this way, the location of the movable stage of each 
wafer stage should only be measured with the interferometer and each movable stage was positioned 
in an exposure location by turns in order that the measurement beam of an interferometer may break 
off, in case each movable stage moves greatly, there was un-arranging [ that it was difficult to 
position each movable stage in the condition of having repeatability quickly ]. 
[0016] This invention sets it as the 1st purpose to offer the stage equipment which can measure the 
location of the moving part with high precision in the condition of having repeatability while it 
miniaturizes moving part in the condition that two or more of those functions can be performed in 
the stage equipment which has two or more ftinctions and can move the moving part to a high speed 
in view of this point. Moreover, in order to perform double exposure etc., this invention sets it as the 
2nd purpose to offer the stage equipment which can be quickly positioned in the condition of having 
repeatability in a target location [ moving part / each ], respectively, when two or more moving part 
is prepared. 

[0017] Furthermore, this invention is in the condition which maintained the function which measures 
the property at the time of having such stage equipment and imprinting the pattem of a reticle, or the 
image formation property of projection optics, and sets it as the 3rd purpose to offer the aligner 
which can miniaturize the moving part for positioning a reticle or a wafer. Furthermore, this 
invention is equipped with such stage equipment, and sets it as the 4th purpose to offer the aligner 
which can enforce a double exposure method etc. by the high throughput. 

[001 8] Moreover, this invention aims also at offering the positioning approach that it can position 

quickly using such stage equipment. 

[0019] 

[Means for Solving the Problem] Two or more movable stages where the 1 st stage equipment by this 
invention has been arranged free [ migration ] mutually-independent along a predetermined 
migration side (WST, 14), Are stage equipment equipped with the 1st system of measurement 
(15X1, 15X2, 15Y) which is predetermined measurement within the limits and measures the location 
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of one movable stage in two or more of the movable stages, and each of two or more of the movable 
stages is received. It has the 2nd system of measurement (16, 17 A, 17B) which measures whenever 
[ to the predetermined amount of location gaps or its predetermined criteria location from a criteria 
location of that measurement within the limits of this movable stage / agreement ], and the 
measurement value of that 1st system of measurement is amended based on the measurement result 
of that 2nd system of measurement. 

[0020] According to the 1st stage equipment of this this invention, when performing two or more 
functions, such as exposure and property measurement, for example, a movable stage is assigned for 
every (two or more functional groups of every [ or ]) function, and two or more movable stages 
(moving part) are prepared. By this, since it can miniaturize, each movable stage can be driven at a 
high speed, respectively. However, in order that the measurement beam of a laser interferometer may 
break off if each movable stage moves greatly when two or more movable stages are only prepared 
and the laser interferometer of relative displacement system of measurement, for example, one shaft, 
is formed as the 1 st system of measurement, a certain zero setting-operation is needed. So, in this 
invention, the 2nd system of measurement (16, 17 A, 17B) was established as a kind of absolute 
value system of measurement. 

[0021] And one movable stage (WST) in two or more of tfie movable stages When it goes into the 
measurement within the limits from the exterior of the measurement range of the 1 st system of 
measurement By measuring the amount of location gaps from the predetermined criteria location of 
that measTorement within the limits of that movable stage according to that 2nd system of 
measurement (absolute value system of measurement), for example, presetting this amount of 
location gaps at the measurement value of that 1st system of measurement The measurement value 
of the 1st system of measurement comes to show correctly in the form where it has repeatability for 
the location of the movable stage. Or what is necessary is to reset the measurement value of the 1st 
system of measurement, or just to preset to a predetermined value, when the 2nd system of 
measurement measures whenever [ agreement ] (for example, whenever [ agreement / of two random 
pattems ]) and whenever [ agreement ] becomes more than predetermined level. Each movable stage 
is positioned with high precision in the condition of having repeatability quickly by this. 
[0022] Next, two or more movable stages where the 2nd stage equipment by this invention has been 
arranged free [ migration ] mutually-independent along a predetermined migration side (WSTl, 
WST2), Are stage equipment equipped with the 1st system of measurement (87 Y3) which is 
measurement within the limits of ** a predetermined 1st, and measures the location of one movable 
stage in two or more of the movable stages, and each of two or more of the movable stages is 
received. The 2nd system of measurement (87Y2, 87Y4) which is measurement within the limits of 
** the 2nd which overlaps that the 1st measurement range and partial target, and measures a location 
continuously, and the control system (38) which amends the measurement result of these two system 
of measurement based on the measurement result of those 1st and 2nd system of measurement are 
established. 

[0023] According to the 2nd stage equipment of this this invention, in order to perform double 
exposure, for example, two or more movable stages (WSTl, WST2) are prepared. Consequently, 
since it will separate from the measurement beam of that laser interferometer as that 1st system of 
measurement when each movable stage is moved greatly if the laser interferometer of one shaft as 
for example, relative displacement system of measurement is used, how each movable stage is 
positioned in the form where it has repeatability poses a problem. On the other hand, in this 
invention, the laser interferometer of one shaft (or two or more shafts) as for example, relative 
displacement system of measurement is used also as the 1st system of measurement, and in case one 
movable stage in two or more of the movable stages goes into the measurement within the limits of 
** a 2nd, for example from the 1st measurement range side By measuring the location of the 
movable stage to coincidence according to the 1st system of measurement and 2nd system of 
measurement, and presetting the value which amended the measurement value of the 1 st system of 
measurement according to the angle of rotation of the movable stage at the measurement value of the 
2nd system of measurement The measured value of the 1st system of measurement is received and 
passed to the 2nd system of measurement. After this, the movable stage can be positioned with high 
precision in the condition of having repeatability, using the 2nd system of measurement. 
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[0024] That 1st system of measurement and the 2nd system of measurement, respectively In this 
case, order of interference (integer) Nl and N2, phases phil and phi2 (this is equivalent to the phase 
contrast of a reference sign and a measurement signal by the heterodyne-interferometry method) 
(rad). And you may make it measure the location of a movable stage using the function f of the 
wavelength lambda of a measurement beam (lambda) in the form of f (lambda) {Nl+phil/(2pi)} and 
f (lambda) {N2+phi2/(2pi)}. and when it becomes measurable [ the 2nd system of measurement ] 
and the location of the movable stage is measured to coincidence according to the 1st system of 
measurement and 2nd system of measurement From the measurement value of the 1 st system of 
measurement, and the angle of rotation of the movable stage, order-of-interference N2' of the 2nd 
system of measurement, And it is more desirable than the phase phi 2 which presxmies phase phi2' 
and is measured by degree N2', phase phi2\ and its 2nd system of measurement to determine the 
preset value of the degree N2 of the 2nd system of measurement, setting the measurement value of 
that 2nd system of measurement to f (lambda) {N2+phi2/(2pi)} after this it is ~ the measurement 
error of the angle of rotation of that movable stage etc, — being certain — even if generated a grade, 
the location of that movable stage is measurable with the reproducibility of the proper of that 2nd 
system of measurement. Moreover, Function f (lambda) is latnbda/m, using two or more integers m 
as an example, 

[0025] Next, it is the aligner equipped with the stage equipment of this invention, the 1st aligner by 
this invention lays the mask (Rl, R2) with which a mutually different pattem was formed in two or 
more of the movable stages (RSTl, RST2) of the stage equipment, and it imprints the pattem of the 
mask on two or more of the movable stages on a substrate (Wl), positioning by tums. 
[0026] According to the 1st aligner of this this invention, it can expose using a double exposure 
method and improvement in resolution and the depth of focus can be aimed at. Moreover, since it 
has stage equipment of this invention, for example, when measuring the location of the movable 
stage with a laser interferometer, the migration mirror installed in the movable stage can be made 
smaller than the successive range of the movable stage, and weight of the movable stage can be 
made small. Therefore, it becomes easy to move the movable stage to a high speed, and 
improvement in a throughput can be aimed at. 

[0027] Next, the 2nd aligner by this invention is an aligner equipped with the stage equipment of this 
invention. A mask (R) is laid on the 1st [ of two or more of the movable stages (RST, 5) of the stage 
equipment ] movable stage (RST). The property metering device (6) for measuring the property at 
the time of imprinting the pattem of the mask is laid on the 2nd movable stage (5), and the pattem of 
the mask (R) is imprinted on a substrate (W). 

[0028] According to the 2nd aligner of this this invention, since magnitude of the 1st movable stage 
is made to necessary minimum by giving only the minimum function required for exposure to the 1 st 
movable stage (RST) used for original exposure, miniaturization of a stage and lightweight-ization 
are performed, improvement in a throughput is aimed at and the thing of it can be carried out. On the 
other hand, there is no direct need in exposure, and since the property metering device (6) for 
measuring the property at the time of imprinting the pattem of the mask (R) is carried in 2nd another 
movable stage (5), it can also measure the property at the time of imprinting the pattem of the mask. 
Moreover, since it has stage equipment of this invention, the location of two or more of the movable 
stages is measurable with high precision. 

[0029] Next, the 3rd aligner by this invention is an aligner equipped with the stage equipment of this 
invention, and it exposes a predetermined mask pattem by tums on two or more of the substrates, 
laying a substrate (Wl, W2), respectively on two or more of the movable stages (WSTl, WST2) of 
the stage equipment, and positioning two or more of the movable stages in an exposure location by 
tums. 

[0030] According to the 3rd aligner of this this invention, performing exposure actuation on one 
movable stage (WSTl) of two or more of the movable stages (WSTl, WST2), carrying-in taking out 
and alignment actuation of a substrate can be performed, and improvement in a throughput can be 
aimed at on another movable stage (WST2). Moreover, since it has stage equipment of this 
invention, the location of two or more of the movable stages is measurable with high precision. 
[003 1 ] Next, the 4th aligner by this invention is the stage equipment of this invention, and an aligner 
equipped with projection optics (PL). A substrate (W) is laid on the 1st [ of two or more of the 
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movable stages (WST, 14) of the stage equipment ] movable stage (WST). The property metering 
device (20) for measuring the image formation property of the projection optics is laid on the 2nd 
movable stage (14), and a predetermined mask pattem is exposed through the projection optics on 
the substrate on the 1 st movable stage. 

[0032] According to the 4th aligner of this this invention, by giving only the minimum function 
required for exposure to the 1 st movable stage (WST) used for original exposure, miniaturization of 
the 1st movable stage (WST) and lightweight-ization can be performed, and improvement in a 
throughput can be aimed at. On the other hand, there is no direct need in exposure, and since the 
property metering device (20) for measuring the image formation property of the projection optics is 
carried in 2nd another movable stage (14), it can also measure an image formation property. 
Moreover, since it has stage equipment of this invention, the location of two or more of the movable 
stages is measurable with high precision. 

[0033] Next, the 1st positioning approach by this invention is the positioning approach which used 
the stage equipment of this invention. When one movable stage (WST) in two or more of the 
movable stages (WST, 14) goes into measurement within the limits of the 1st system of 
measurement Whenever [ to the predetermined amount of location gaps or its predetermined criteria 
location from a criteria location of that measurement within the limits of this movable stage / 
agreement ] is measured according to that 2nd system of measurement, and the measurement value 
of that 1 st system of measurement is amended based on this measurement result. According to this 
positioning approach, two or more of the movable stages can be positioned with high precision in the 
condition of having repeatability easily, respectively. 

[0034] Next, the 2nd positioning approach by this invention is the positioning approach which used 
the stage equipment of this invention. In case one movable stage in two or more of the movable 
stages (WSTl, WST2) goes into the measurement within the limits of ** a 1st from the 2nd 
measurement range side According to those 1 st and 2nd system of measurement, the location of that 
movable stage is measured to coincidence, and the measurement result of that 1 st system of 
measurement is doubled with the measurement result of that 2nd system of measurement based on 
this measurement result. According to this positioning approach, two or more of the movable stages 
can be positioned with high precision in the condition of having repeatability easily, respectively. 
[0035] 

[Embodiment of the Invention] Hereafter, with reference to drawing 1 - drawing 4 , it explains per 
gestalt of operation of the 1st of this invention. This example applies this invention to the projection 
aligner of step - and - scanning method. Drawing 1 shows the projection aligner of this example, and 
the exposure light XL injected from the illumination system 1 containing a fly eye lens, a quantity of 
light monitor, an adjustable aperture diaphragm, a field diaphragm, a relay lens system, etc. for the 
exposure light source, beam plastic surgery optical system, and illumination distribution equalization 
illuminates the lighting field of the shape of a slit of the pattem side (inferior surface of tongue) of 
Reticle R through a mirror 2 and a condensing lens 3 in this drawin g 1 at the time of exposure. As an 
exposure light IL, excimer laser light, such as KrF (wavelength of 248nm) or ArF (wavelength of 
193nm), the higher harmonic of an YAG laser, or i line (wavelength of 365nm) of a mercury lamp 
can be used. By switching the adjustable aperture diaphragm within an illumination system 1, it is 
constituted so that the lighting of the request of the usual lighting, zona-orbicularis lighting, the so- 
called deformation lighting, the lighting of a small coherence factor (sigma value), etc. can be 
chosen. When the exposure light source is a laser light source, the main control system 10 which 
carries out control control of the actuation of the whole equipment controls the luminescence timing 
etc. through a non-illustrated laser power source. 

[0036] It is reduced through projection optics PL for the projection scale factor beta (beta is 1/4 time 
or 1/5 time), and the image of the pattem in the lighting field 9 (refer to drawing 3 ) by the exposure 
Hght IL of Reticle R is projected on the exposure field 12 of the shape of a slit on the wafer (wafer) 
W with which the photoresist was applied. The Z-axis is taken in parallel with the optical axis AX of 
projection optics PL hereafter, the X-axis is taken along the non- scanning direction (namely, 
direction perpendicular to the space of drawing 1 ) which intersects perpendicularly with the reticle 
R at the time of scan exposure, and the scanning direction of Wafer W in a flat surface perpendicular 
to the Z-axis, and a Y-axis is taken and explained along a scanning direction (namely, direction 
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parallel to the space of drawing 1 ). 

[0037] First, Reticle R is held by vacuum adsorption on a reticle stage RST, and the reticle stage 
RST is laid free [ migration in the direction of Y ] through the pneumatic bearing on guide of two 4 A 
arranged in parallel, and 4B. Furthermore, in this example, the stage 5 for measurement is laid free 
[ migration in the direction of Y ] through the pneumatic bearing on guide 4A and 4B independently 
[a reticle stage RST]. 

[0038] Drawing 3 is the top view showing a reticle stage RST and the stage 5 for measurement, and 
in this drawing 3 , along with the guides 4A and 4B extended in the direction (scanning direction) of 
Y, the reticle stage RST and the stage 5 for measurement are laid so that it may drive in the direction 
of Y with a non-illustrated linear motor etc., respectively. The die length of Guides 4 A and 4B is set 
up for a long time by the width of face of the stage 5 for measurement at least rather than the 
migration stroke of the reticle stage RST at the time of scan exposure. Moreover, the reticle stage 
RST is constituted combining ttie coarse adjustment stage where it moves in the direction of Y, and 
the jogging stage which can tune a two-dimensional location finely on this coarse adjustment stage. 
Furthermore, on the reticle mark stage RST, one pair of reference mark plate 17C 17C [ 1 and ]2 is 
fixed by physical relationship which sandwiches Reticle R in the direction of X, and the reference 
marks MCI and MC2 of 2-dimensional one, for example, a cross-joint mold, are formed in reference 
mark plate 17C 17C [ 1 and ]2, respectively. The physical relationship of reference marks MCI and 
MC2 and the original edition pattern of Reticle R is measured with high precision beforehand, and is 
memorized by the storage section of the main control system 10. 

[0039] And the orientation plate 6 which consists of a long and slender glass plate in the direction of 
X is fixed on the stage 5 for measurement, and two or more index marks IM for image formation 
property measurement of projection optics PL are formed by predetermined arrangement on the 
orientation plate 6. the lighting field 9 of the shape of a slit of exposure light [ as opposed to Reticle 
R in an orientation plate 6 ] — more — exact ~ the width of face of the direction of X of the visual 
field by the side of the reticle R of projection optics PL ~ a wrap — things are equipped with all 
possible magnitude. By using an orientation plate 6, since it is not necessary to prepare the exclusive 
reticle for image formation property measurement and and the swap time of the reticle R for real 
exposure and its exclusive reticle also becomes unnecessary, an image formation property can be 
measured in high frequency, and aging of projection optics PL can be followed correctly. Moreover, 
while the stage 5 for measurement is also equipped with the positioning device in the minute range 
to the direction of X (the non-measuring direction), on the stage 5 for measurement, one pair of 
reference mark plate 17D 17D [ 1 and ]2 is fixed by it so that an orientation plate 6 may be inserted 
in the direction of X, and the reference marks MDl and MD2 of 2-dimensional one, for example, a 
cross-joint mold, are formed in it at reference mark plate 17D 17D [ 1 and ]2, respectively. The 
physical relationship of reference marks MDl and MD2 and two or more index marks IM is also 
measured correctly beforehand, and is memorized by the storage section of the main control system 
10. 

[0040] Thus, in this example, the stage 5 for measurement for orientation plate 6 is formed 
independently, and the member for measurement is not carried besides Reticle R on the original 
reticle stage RST. That is, in order to equip a reticle stage RST only with necessary minimum scan 
and positioning fiinction for scan exposure, miniaturization of a reticle stage RST and lightweight- 
ization are realized. Therefore, since a reticle stage RST can be scanned more at a high speed, the 
throughput of an exposure process improves, in contraction projection, since especially the scan 
speed of a reticle stage RST becomes twice [ l^eta ] (for example, 4 times, 5 times, etc.) the scan 
speed of a wafer stage, the upper limit of a scan speed may be determined mostly in a reticle stage, 
and its throughput improves greatly especially by this example in this case, 

[0041] Moreover, a laser beam is irradiated by migration mirror 24Y of the side face of the direction 
of +Y of a reticle stage RST from laser interferometer 7Y installed in the direction of +Y to Guides 
4 A and 4B. + A laser beam is irradiated by migration mirror 24X of the side face of the direction of 
+X of a reticle stage RST from the biaxial laser interferometer 7X1 installed in the direction of X, 
and 7X2. By laser interferometer 7Y, 7X1, and 7X2, the X coordinate of a reticle stage RST, Y 
coordinate and an angle of rotation are measured, a measurement value is supplied to the main 
control system 10 of drawing 1 , and the main control system 10 controls the rate and location of a 
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reticle stage RST through a linear motor etc. based on the measurement value. Moreover, a laser 
beam is irradiated by migration mirror 25Y of the side face of the direction of -Y of the stage 5 for 
measurement from laser interferometer 8Y installed in the direction of -Y to Guides 4A and 4B, and 
the Y coordinate of the stage 5 for measurement measured by laser interferometer BY is supplied to 
the main control system 10. The optical axis of the laser interferometers 7Y and BY of a Y-axis has 
passed through the core AX of the lighting field 9, i.e., the optical axis of projection optics PL, along 
the direction of Y, respectively, and laser interferometers 7Y and BY are always measuring the 
location of the scanning direction of a reticle stage RST and the stage 5 for measurement, 
respectively. 

[0042] In addition, mirror plane processing of the side face in which a reticle stage RST intersects 
perpendicularly is carried out, you may consider that these mirror planes are the migration mirrors 
24X and 24Y, mirror plane processing of the side face in which the stage 5 for measurement 
intersects perpendicularly is carried out, and you may consider that these mirror planes are the 
migration mirrors 25X and 25Y. Furthermore, in this example, as shown in drawing 1 , one pair of 
reticle alignment microscopes RA and RB for detecting the amount of location gaps of the alignment 
mark (reticle mark) formed on Reticle R and the reference mark on a corresponding wafer stage (un- 
illustrating) above Reticle R are arranged. The straight line passing through the detection core of the 
reticle alignment microscopes RA and RB is parallel to the X-axis, and the core based on [ those ] 
detection has agreed in the optical axis AX. In this example, the location of the reference marks 
MCI and MC2 on the reticle stage RST shown in drawing 3 and the reference marks MDl and MD2 
on the stage 5 for measurement is detected using the reticle alignment microscopes RA and RB 
corresponding to the 2nd system of measurement (absolute value system of measurement) of this 
invention. 

[0043] And at the time of measurement of an image formation property, a reticle stage RST is made 
to shunt in the direction of -i-Y, and if it moves in the direction of Y on the stage 5 for measurement 
so that an orientation plate 6 may cover the lighting field 9 mostly, a laser interferometer 7X1 and 
the laser beam from 7X2 will separate from the side face of a reticle stage RST, and will come to be 
irradiated by migration mirror 25X of the direction of +X of the stage 5 for measurement, the 
detection core where the reticle alignment microscopes RA and RB detect the amount of location 
gaps from the detection core (core of a visual field) of the reference marks MDl and MD2 on an 
orientation plate 6, respectively, and, as for the main control system 10 of drawing 1 , the core of 
reference marks MDl and MD2 corresponds, respectively at this time ~ receiving — the symmetry ~ 
and the stage 5 for measurement is positioned so that the amount of location gaps may become small 
most. And the laser interferometer 7X1 of the X-axis and the measxirement value of 7X2 are reset in 
this condition, respectively. In addition, those measurement values may be preset to a predetermined 
value. 

[0044] After this, it is measured with high precision in a laser interferometer 7X1 and the condition 
that the location of the direction of X of the stage 5 for measurement and an angle of rotation have 
repeatability by 7X2, and the location of the direction of Y of the stage 5 for measurement is always 
measured by high degree of accuracy by laser interferometer BY. Therefore, based on these 
measurement values, the main control system 1 0 can control the location of the stage 5 for 
measurement with high precision through a linear motor etc. In addition, you may make it preset a 
laser interferometer 7X1 and the measurement value of 7X2 to the value which corresponds, 
respectively based on those amounts of location gaps instead of making the amount of location gaps 
of reference marks MDl and MD2 into min as mentioned above. 

[0045] On the other hand, although the location of the non-scanning direction of a reticle stage RST 
is not measured during measurement, if a reticle stage RST arrives at the bottom of the lighting field 
9 for exposure, a laser interferometer 7X1 and the laser beam from 7X2 will come to be again 
irradiated by migration mirror 24X of a reticle stage RST. And like the case of the stage 5 for 
measurement, the amount of location gaps of the reference marks MCI and MC2 on a reticle stage 
RST is detected using the reticle alignment microscopes RA and RB, and the main control system 10 
is in the condition which positioned the reticle stage RST so that those amounts of location gaps may 
become symmetrically and the smallest, and it presets a laser interferometer 7X1 and the 
measurement value of 7X2 to a predetermined value. The location of the direction of X of a reticle 
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stage RST and measurement of an angle of rotation are performed in the condition that it is 
reproducible after this, and since the location of the direction of Y is always measured by laser 
interferometer 7Y, it can position a reticle stage RST in a desired location with high precision. 
Therefore, there is no un-arranging [ of a laser interferometer 7X1 and the laser beam from 7X2 
breaking off]. 

[0046] Retum and Wafer W are held through a non-illustrated wafer holder at the wafer stage WST 
top, and the wafer stage WST is laid by drawing 1 free [ migration in the direction of X, and the 
direction of Y ] through the pneumatic bearing on the surface plate 13. The focal leveling device 
which controls the location (focal location) of the Z direction of Wafer W and a tilt angle is also 
included in the wafer stage WST. Moreover, the stage 14 for measurement where it had various 
kinds of metering devices in the direction of X and the direction of Y free [ migration ] through the 
pneumatic bearing with another object is laid in the wafer stage WST on the surface plate 13. The 
device which controls the focal location of the top face is included also in the stage 14 for 
measurement. 

[0047] Drawing 2 is the top view showing the wafer stage WST and the stage 14 for measurement, 
and is set to this drawing 2 . In the interior of the front face of a surface plate 13, a coil train is 
embedded in a predetermined array. In the base of the wafer stage WST, and the base of the stage 14 
for measurement, a magnet train is embedded with York, respectively. A flat-surface motor is 
constituted by that coil train and the corresponding magnet train, respectively, and the location of the 
direction of X of the wafer stage WST and the stage 14 for measurement and the direction of Y and 
the angle of rotation are controlled by this flat-surface motor mutually-independent. In addition, 
about the flat-surface motor, it is indicated more by the detail, for example in JP,8-51756,A. 
[0048] The wafer stage WST of this example is equipped only with the minimum fiinction required 
for exposure. That is, while the wafer stage WST is equipped with a focal leveling machine, on the 
wafer stage WST, the wafer holder (base side of Wafer W) which carries out adsorption maintenance 
of the wafer W, and reference mark plate 17A in which reference mark MA for location 
measurement of the wafer stage WST was formed are installed. On reference mark plate 17 A, the 
reference mark for reticle alignment (un-illustrating) is also formed. 

[0049] Moreover, as shown in drawing 1 , by the off-axis method for the alignment of Wafer W, the 
wafer alignment sensor 1 6 of an image-processing method adjoins projection optics PL, and is 
formed, and the detecting signal of the wafer alignment sensor 16 is supplied to the alignment 
processor in the main control system 10. The wafer ahgnment sensor 16 is a sensor for location 
measurement of the ahgnment mark (wafer mark) attached to each shot field on Wafer W. In this 
example, location detection of reference mark MA on the wafer stage WST etc. is performed using 
the wafer ahgnment sensor 16. That is, the wafer alignment sensor 16 supports the 2nd system of 
measurement (absolute value system of measurement) of this invention. 

[0050] Moreover, the front face of the stage 14 for measurement is set as the almost same height as 
the front face of the wafer W on the wafer stage WST. In drawing 2 and in the stage 14 for 
measurement Projection optics PL The energy per all unit time amount of the exposure light which 
passed (Incidence energy) The illuminance unevenness sensor 19 which consists of a photoelectrical 
sensor for measuring the illumination distribution in the exposure field 12 of the shape of a slit by 
the exposure monitor 18 and projection optics PL which consist of a photoelectrical sensor for 
measuring, the measurement plate 20 with which the slits 2 IX and 21 Y for image formation property 
measurement were formed, And reference mark plate 17B in which the reference mark MB used as a 
datum reference was formed is being fixed. The physical relationship of a reference mark MB and 
illuminance unevenness sensor 19 grade is measured with high precision beforehand, and is 
memorized by the storage section of the main control system 10 of drawing 1 . The location of a 
reference mark MB is also measured by the wafer alignment sensor 16. 

[0051] A condenser lens and a photoelectrical sensor are arranged at the slit 2 IX [ of the X-axis of 
the measurement plate 20 ], and base side of slit 21 Y of a Y-axis, respectively, and the space image 
detection system consists of a measurement plate 20, a photoelectrical sensor, etc. In addition, the 
edge of rectangle opening may be used instead of the slits 21X and 21 Y. And while the light- 
receiving side of the exposure monitor 18 is formed in wrap magnitude in the exposure field 12, the 
light sensing portion of the illuminance unevenness sensor 19 has become pinhole-like, and the 
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detecting signal of the exposure monitor 18 and the illuminance unevenness sensor 19 is supplied to 
the main control system 10 of drawing 1 . 

[0052] Moreover, the detecting signal of the photoelectrical sensor of the pars basilaris ossis 
occipitaUs of the measurement plate 20 is supplied to the image formation property operation system 
1 1 of drawing 1 . in this case, at the time of measurement of the image formation property of 
projection optics PL The orientation plate 6 on the stage 5 for measurement by the side of the reticle 
of drawings is moved to the lighting field 9. The detecting signal from the photoelectrical sensor of 
a pars basilaris ossis occipitalis is incorporated by the image formation property operation system 1 1, 
the image of the index mark IM currently formed in the orientation plate 6 being projected on a 
wafer stage side, and scanning the image in the direction of X, and the direction of Y to the slits 21X 
and 21 Y on the measurement plate 20, respectively. By the image formation property operation 
system 1 1 , that detecting signal is processed, the location of the image of that index mark IM, 
contrast, etc. are detected, and it outputs to the main control system 10 in quest of image formation 
properties, such as a curvature of field of a projection image, distortion, and a best focus location, 
fi-om this detection result. Furthermore, although not illustrated, the device which drives the 
predetermined lens within projection optics PL, and amends image formation properties, such as a 
predetermined distortion, is also established, and the main control system 10 is constituted so that the 
image formation property of projection optics PL can be amended through this amendment device. 
[0053] In drawing 2 , sources of generation of heat, such as amplifier, and the power source, and the 
signal cable for a communication link are connected to sensors, such as the exposure monitor 1 8 
with which the stage 14 for measurement is equipped, the illuminance unevenness sensor 19, and a 
photoelectrical sensor of the pars basilaris ossis occipitalis of the measurement plate 20, by each. 
Therefore, when those sensors are carried in the wafer stage WST for exposure, there is a possibility 
that positioning accuracy etc. may deteriorate with the tension of the heat source which accompanies 
a sensor, or a signal cable. Moreover, the heat energy by the exposure of the exposure light under 
measurement of an image formation property etc. also has a possibility of causing aggravation of 
positioning accuracy etc. On the other hand, in this example, since those sensors are formed in the 
stage 14 for measurement separated from the wafer stage WST for exposure, there is an advantage to 
which the fall of a miniaturization and the positioning accuracy by the heat source of the sensor for 
measurement or the heat energy of the exposure light under measurement while being able to carry 
out [ lightweight ]-izing can prevent the wafer stage WST. Furthermore, while the passing speed and 
the controllability of the wafer stage WST improve and the throughput of an exposure process 
increases by the miniaturization of the wafer stage WST, positioning accuracy etc. improves more. 
[0054] Moreover, a laser beam is irradiated by migration mirror 22Y of the side face of the direction 
of +Y of the wafer stage WST firom laser interferometer 1 5 Y installed in the direction of +Y to the 
surface plate 13. - A laser beam is irradiated by migration mirror 22X of the side face of the direction 
of -X of the wafer stage WST firom the biaxial laser interferometer 15X1 installed in the direction of 
X, and 15X2. The X coordinate of the wafer stage WST, Y coordinate, and an angle of rotation are 
measured by laser interferometer 15Y, 15X1, and 15X2, a measurement value is supplied to the main 
control system 10 of drawing 1 , and the main control system 10 controls the rate and location of the 
wafer stage WST by them through a flat-surface motor based on the measurement value. Similarly, 
migration mirror 23X of the X-axis and migration mirror 23Y of a Y-axis are attached also in the 
side face of the stage 14 for measurement. In addition, mirror plane processing of the side face in 
which the wafer stage WST intersects perpendicularly may be carried out, and you may consider that 
these mirror planes are the migration mirrors 22X and 22Y, and may consider similarly that the 
mirror planes of the side face of the stage 14 for measurement are the migration mirrors 23X and 
23Y. 

[0055] And at the time of measurement of the incidence energy of exposure light etc., the laser beam 
for those location measurement is irradiated by the migration mirrors 23X and 23 Y of the stage 14 
for measurement. Drawing 4 The wafer stage WST at the time of measurement of the incidence 
energy of exposure light etc.. And if it moves on the stage 14 for measurement so that an example of 
arrangement of the stage 14 for measurement may be shown, the wafer stage WST may be made to 
shimt in the location distant from the exposure field 12 in this way and the exposure field 12 may be 
Started A laser interferometer 15X1, 15X2, and the laser beam firom 15Y separate firom the migration 
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mirrors 22X and 22Y of the wafer stage WST, and come to be irradiated by the migration mirrors 
23X and 23 Y of the stage 14 for measurement. At this time, where the angle of rotation of the stage 
14 for measurement is controlled, the reference mark MB on the stage 14 for measurement detects 
the amount of location gaps from the detection core of a reference mark MB, so that it may enter in 
visual field 16a of the wafer alignment sensor 16 of drawing 1 , and it may move on the stage 14 for 
measurement and the laser interferometer 15X1 of the biaxial X-axis and the measurement value of 
15X2 may tum into the same value. And the main control system 10 presets X component and Y 
component of this amount of location gaps at the measurement value of a laser interferometer 15X1, 
15X2, and laser interferometer 15Y, respectively. After this, the location of the stage 14 for 
measurement is measured with high precision in a laser int^erometer 1 5X1 , 1 5X2, and the 
condition of having repeatability by 15Y, and the main control system 10 can control the location of 
the stage 14 for measurement with high precision through a flat-surface motor based on this 
measurement value. 

[0056] Make the stage 14 for measurement shunt and it is made for a laser interferometer 15X1, 
1 5X2, and the laser beam from 1 5 Y to be irradiated by the migration mirrors 22X and 22Y of the 
wafer stage WST on the other hand, as shown in drawing 2 at the time of exposure. Move reference 
mark MA into visual field 16a of the wafer alignment sensor 16, and in a laser interferometer 15X1 
and the condition of having made the measurement value of 1 5X2 in agreement The amount of 
location gaps of reference mark MA is measured, and presetting of the measurement value of a laser 
interferometer 15X1, 15X2, and 15Y is performed based on this measurement value. Positioning of 
the wafer stage WST is performed with high precision in the condition of having repeatability after 
this. In addition, since the location of the wafer stage WST and the stage 14 for measurement is 
roughly controllable also by driving a flat-surface motor with open-loop, in the condition that the 
laser beam is not irradiated, the main control system 10 drives the location of the wafer stage WST 
and the stage 14 for measurement by the open loop system using a flat-surface motor. 
[0057] Although not illustrated [ retum and ] to drawing 1 , in the side face of projection optics PL, 
the focal location detection system (AF sensor) of the oblique incidence method for measuring the 
focal location of the front face of Wafer W is arranged, and the front face of the wafer W under scan 
exposure focuses to the image surface of projection optics PL based on this detection result. Next, it 
explains per actuation of flie projection aligner of this example. First, the amount of incident light of 
the exposure light IL to projection optics PL is measured using the stage 14 for measurement by the 
side of a wafer stage. In this case, in order to measure the amount of incident light in the condition 
that Reticle R was loaded, in drawing 1 , the reticle R for exposure is loaded on a reticle stage RST, 
and Reticle R moves onto the lighting field of the exposure light IL. Then, as shown in drawing 4 , 
on a surface plate 13, it shunts in the direction of +Y and the stage 14 for measurement moves 
toward the exposure field 12 by projection optics PL on the wafer stage WST. Then, as mentioned 
above, after performing presetting of the measurement value of 2 and 15Y, the stage 14 for 
measurement stops [ the light-receiving side of the dose monitor 18 on a laser interferometer 15X1, 
and the 15X stage 14 for measurement ] the exposure field 12 in a wrap location, and the quantity of 
light of the exposure light IL is measured through the dose monitor 1 8 in this condition. 
[0058] By the main control system 10, the measured quantity of light is supplied to the image 
formation property operation system 11. under the present circumstances, it is alike, for example, the 
measurement value which detects the flux of light acquired from the exposure light IL by branching 
within an illumination system 1, and is obtained is also supplied to the image formation property 
operation system 11, and the multiplier for calculating indirectly the quantity of light which carries 
out incidence to projection optics PL is computed and memorized by the image formation property 
operation system 1 1 based on two measurement values from the quantity of light by which a monitor 
is carried out within an illumination system 1 . In the meantime. Wafer W is loaded to the wafer stage 
WST. Then, as shown in drawing 2 , the stage 14 for measurement shunts in the location distant 
from the exposure field 12, and the wafer stage WST moves toward the exposure field 12 on it. 
While the wafer stage WST is shunting, as shown in drawing 4 , since the laser beam from laser 
interferometer 15Y, 15X1, and 15X2 is not irradiated, position control is performed by driving a flat- 
surface motor by the open loop system. 

[0059] And make the stage 14 for measurement shunt ttie exposure field 12, and the wafer stage 
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WST is moved to the location concerning the exposure field 12. After performing presetting of the 
measurement value of laser interferometer 15Y, 15X1, and 15X2 as mentioned above, Migration of 
the wafer stage WST is performed so that the core of the reference mark for the reticles on reference 
mark member 17A on the wafer stage WST (un-illustrating) may be located near optical-axis AX 
(core of the exposure field 12). Then, alignment of Reticle R is performed by driving the reticle stage 
RST of drawing 1 so that the amount of location gaps of the reticle mark on Reticle R and the 
reference mark to which it corresponds on reference mark plate 17A may come in predetermined 
tolerance using the reticle alignment microscopes RA and RB. Spacing (the amount of base lines) of 
the detection core of the sensor and the core of the projection image of Reticle R is correctly detected 
by detecting again the location of another reference mark MA on the reference mark plate 17A by 
the wafer alignment sensor 1 6 of drawing 1 to coincidence mostly with this. 
[0060] Next, the array coordinate of each shot field of Wafer W is searched for by detecting the 
location of the wafer mark attached to the predetermined shot field on Wafer W (sample shot) 
through the wafer alignment sensor 16. Then, scan exposure is performed, performing alignment of 
the shot field for [ of Wafer W ] exposure, and the pattem image of Reticle R based on the array 
coordinate and the above-mentioned amount of base lines. At the time of the scan exposure to each 
shot field on Wafer W In drawing 1 , it synchronizes with Reticle R being scanned at a rate VR in 
the direction (or the direction of -Y) of +Y through a reticle stage RST to the lighting field 9 (refer to 
drawing 3 ) of the exposure light IL. Wafer W is scanned by rate beta-VR (beta is a projection scale 
factor) in the direction of -X (or the direction of H-X) through the wafer stage WST to the exposure 
field 12. 

[0061] During exposure, the quantity of light of the flux of light which branched fi-om the exposure 
light IL for example, within the illumination system 1 is always measured, and the image formation 
property operation system 1 1 is supplied. Moreover, by the image formation property operation 
system 1 1 The measurement value of the quantity of light supplied and the quantity of light of the 
exposure light IL which carries out incidence to projection optics PL based on the multiplier for 
which it has asked beforehand are computed. The variation of the image formation properties (a 
projection scale factor, distortion, etc.) of the projection optics PL generated by absorption of the 
exposure light IL is calculated, and this count result is supplied to the main control system 10. By the 
main control system 10, the image formation property is amended by driving the predetermined lens 
within projection optics PL, for example. 

[0062] Although the above is the usual exposure, when measuring a device status by the 
maintenance of the projection aligner of this example etc., it measures by moving the stage 14 for 
measurement to the exposure field 12 side. For example, when measuring the illuminance 
homogeneity in the exposure field 12, afl:er removing Reticle R fi-om a reticle stage RST, 
illumination distribution is measured in drawing 4 , moving the illuminance unevenness sensor 19 
slightly in the direction of X, and the direction of Y in the exposure field 12. 
[0063] Next, it explains per [ which measures image formation measurement of projection optics 
PL ] actuation using the stage 5 for measurement by the side of a reticle stage, and the stage 14 for 
measurement by the side of a wafer stage. In this case, in drawin g 3 , a reticle stage RST shunts in 
the direction of +Y, and the orientation plate 6 on the stage 5 for measurement moves into the 
lighting field 9 in it. At this time, the laser interferometer 7X1 of a non-scanning direction and the 
laser beam fi-om 7X2 also come to be irradiated by the stage 5 for measurement, and reset (or 
presetting) of a measurement value is performed as mentioned above using the reticle alignment 
microscopes RA and RB. Then, based on the measurement value of a laser interferometer 7X1, 7X2, 
and 8Y, the stage 5 for measurement is positioned with high precision. 

[0064] At this time, as already explained, the image of two or more index marks IM is projected on a 
wafer stage side through projection optics PL. In this condition, the location of those images and 
contrast are searched for in drawin g 4 by driving the stage 14 for measurement, scanning the image 
of that index mark IM in the direction of X, and the direction of Y to the slit on the measurement 
plate 20, and processing the detecting signal of the photoelectrical sensor of the pars basilaris ossis 
occipitalis of the measurement plate 20 by the image formation property operation system 1 1 . 
Moreover, the location of those images and contrast are searched for, changing the focal location of 
the measurement plate 20 the specified quantity every. From these measurement results, the image 
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formation property operation system 1 1 calculates the amount of fluctuation of image formation 
properties, such as a best focus location of the projection image of projection optics PL, a curvature 
of field, and distortion (a scale-factor error is included). When this amount of fluctuation is supplied 
to the main control system 1 0 and that amount of fluctuation exceeds tolerance, the main control 
system 1 0 amends the image formation property of projection optics PL. 
[0065] As mentioned above, since the location of reference marks MA and MB is detected and 
presetting of a laser interferometer 15X1, 15X2, and 15Y is performed based on this positional 
information by the wafer alignment sensor 16, the location of the wafer stage WST or the stage 14 
for measurement can be measured with high precision with high repeatability by the laser 
interferometer 15X1, 15X2, and 15Y, and it can control by the projection aligner of this example. By 
similarly, the reticle alignment microscopes* RA and RB detecting reference marks MCI and MC2 
or the location of MDl and MD2, and performing a laser interferometer 7X1, reset of 7X2, etc., the 
location of a reticle stage RST or the stage 5 for measurement can be measured with high precision, 
and can be controlled by high repeatability. 

[0066] Next, with reference to drawing 5 - drawing 12 , it explains per gestalt of operation of the 2nd 
of this invention. This example applies this invention to the projection aligner of step - exposed with 
a double exposure method, and - scanning method. Drawing 5 shows the outline configuration of the 
projection aligner of this example, and sets it to this drawing 5 . The projection aligner of this 
example Stage equipment equipped with the wafer stages WSTl and WST2 as two or more movable 
stages which hold the base board 86, respectively and move independently the wafers Wl and W2 as 
an induction substrate in the two-dimensional direction for it, The reticle drive which drives the 
reticle Rl as a mask, or R2 (refer to drawing 6 ) to a predetermined scanning direction in the upper 
part of the projection optics PL 1 arranged above this stage equipment, and projection optics PL 1, It 
has the illumination system which illuminates reticles Rl and R2 fi-om the upper part, the control 
system which controls these each part. The Z-axis is taken hereafter in parallel with the optical axis 
AXl of projection optics PL 1, in a flat surface perpendicular to the Z-axis, in parallel with the space 
of drawing 5 , at right angles to the space of drawing 5 , a Y-axis is taken and the X-axis is 
explained. In this example, a direction (the direction of Y) parallel to a Y-axis is a scanning 
direction. 

[0067] First, surfacing support was carried out through the non-illustrated air bearing on the base 
board 86, and stage equipment is equipped with wafer stage drive- system 81 W which drive 
independently two fi-eely movable wafer stages WSTl and WST2 and these wafer stages WSTl and 
WST2 in the direction of X, and the direction of Y, and the interferometer systems which measure 
the location of the wafer stages WSTl and WST2. 

[0068] If this is explained further in fizU detail, the non-illustrated air pad (for example, vacuum 
precompression mold air bearing) is prepared in the base of the wafer stages WSTl and WST2 at 
two or more places, and where spacing of several micrometers is maintained by balance of air 
********** Qf this air pad, and a vacuum precharge pressure, surfacing support of the wafer stages 
WSTl and WST2 is carried out on the base board 86. 

[0069] Drawing 7 shows the drive of the wafer stages WSTl and WST2, and the X-axis linear 
guides 95 A and 95B of two prolonged in the direction of X are formed in parallel on the base board 
86 in this drawing 7 . Along with the X-axis linear guides 95A and 95B, 1 set of permanent magnets 
for linear motors are being fixed, respectively, and two migration members 93 A and 93 C and two 
migration members 93B and 93 D are attached free [ migration ] along with these X-axis linear 
guides 95A and 95B, respectively. The non-illustrated drive coil is attached in the bottom surface 
part of these four migration members 93A-93D, respectively so that X-axis linear guide 95 A or 95B 
may be surrounded from the upper part and the side, and the linear motor of the moving coil type 
which drives each migration members 93A-93D in the direction of X by these drive coils, X-axis 
linear guide 95 A, or 95B is constituted, respectively. So, in the following explanation, these 
migration members 93A-93D shall be called a "X-axis linear motor" for convenience. 
[0070] Among these, two X-axis linear motors 93 A and 93B are formed in the both ends of Y-axis 
linear guide 94 A prolonged in the direction of Y, and are being fixed to the both ends of Y-axis 
linear guide 94B to which remaining two X-axis linear motors 93C and 93D are also prolonged in 
the direction of Y. 1 set of drive coils for linear motors are being fixed to the Y-axis linear guides 
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94A and 94B along the direction of Y, respectively. Therefore, Y-axis linear guide 94A is driven in 
the direction of X along with the X-axis linear guides 95 A and 95B with the X-axis linear motors 
93 A and 93B, and Y-axis linear guide 94B is driven in the direction of X along with the X-axis 
linear guides 95 A and 95B with the X-axis linear motors 93 C and 93D. 

[0071] On the other hand, 1 set of permanent magnets which are not illustrated [ which surround one 
Y-axis linear guide 94A from the upper part and the side ] are prepared in the pars basilaris ossis 
occipitalis of the wafer stage WSTl, and the linear motor of the MUBINGU magnet mold which 
drives the wafer stage WSTl in the direction of Y by this permanent magnet and Y-axis linear guide 
94A is constituted. The linear motor of the MUBINGU magnet mold which similarly drives the 
wafer stage WST2 in the direction of Y by 1 set of permanent magnets which are not illustrated 
[ which were prepared in the pars basilaris ossis occipitalis of the wafer stage WST2 ] and Y-axis 
line2ir guide 94B is constituted. 

[0072] That is, the stage system which carries out independently the two-dimensional drive of the 
wafer stages WSTl and WST2 on XY flat surface with the permanent magnet which is not 
illustrated [ of the pars basilaris ossis occipitalis of the X-axis linear guides 95A and 95B mentioned 
above, the X-axis linear motors 93A-93D, the Y-axis linear guides 94A and 94B, and the wafer 
stages WSTl and WST2 ] consists of these examples. These wafer stages WSTl and WST2 are 
controlled by the stage control unit 38 through stage drive-system 81W of drawing 5 . Actuation of 
the stage control unit 38 is controlled by the main control unit 90, 

[0073] In addition, it is also possible to make the wafer stage WSTl generate very small yawing by 
changing a little the balance of the thrust of the X-axis linear motors 93 A and 93B of the pair 
prepared in the both ends of Y-axis linear guide 94A, or to remove. Similarly, by changing the 
balance of the thrust of the X-axis linear motors 93C and 93D of a pair a little, the wafer stage WST2 
can be made to be able to generate very small yawing, or it can also remove on it. On these wafer 
stages WST [ WSTl and ] 2, wafers Wl and W2 are being fixed by vacuum adsorption etc. through 
the non-illustrated wafer holder, respectively. The minute drive of the wafer holder is carried out by 
the non-illustrated Z-theta drive in a Z direction and the direction (surrounding hand of cut of the Z- 
axis) of theta. 

[0074] Moreover, the side faces of the direction of -X of the wafer stage WSTl and the direction of 
+Y are the reflectors 84X and 84Y (refer to drawing 6 ) where mirror plane finishing was made, and 
the side faces of the direction of +X of the wafer stage WST2 and the direction of +Y are the 
reflectors 85X and 85Y where mirror plane finishing was made similarly. These reflectors support 
the migration mirror and it is projected on the measurement beam 92X2 which consists of a laser 
beam, 92X5, and 92Y1-92Y from each laser interferometer which constitutes the interferometer 
systems later mentioned to these reflectors. By receiving the reflected light with each laser 
interferometer, the variation rate from the datum level (generally a reference mirror is arranged on a 
projection optics side face or the side face of alignment optical system, and let that be datum level) 
of each reflector is measured. By this The two-dimensional location of the wafer stages WSTl and 
WST2 is measured, respectively. In addition, the interferometer structure of a system is explained in 
full detail behind. 

[0075] In drawing 5 , it consists of two or more lens element which has the common optical axis of a 
Z direction as projection optics PL 1, and the contraction scale factor predetermined by the both- 
sides tele cent rucksack, for example, the dioptric system which has 1/5, is used. In addition, 
reflective refractive media and a reflective system may be used as projection optics PL 1 . The 
alignment systems 88A and 88B of the off-axis (off-axis) method which had the same function in the 
both sides of the direction of X of this projection optics PL 1 mutually as shown in drawing 5 are 
installed in the location which only the same distance separated from the optical axis AXl (it is in 
agreement with the core of the projection image of a reticle pattern) of projection optics PL 1 , 
respectively. These alignment systems 88A and 88B have three kinds of alignment sensors (the LSA 
(Laser Step Alignment) system which uses a slit-like laser beam and the FIA (Field Image 
Alignment) system of an image-processing method, for example, the LIA (Laser 
InterferometricAlignment) system which detects the diffracted light of two heterodyne beams), and 
can perform location measurement of the two-dimensional direction (the direction of X, and the 
direction of Y) of the reference mark on a reference mark plate, and tiie alignment mark on a wafer. 
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In this example, these three kinds of alignment sensors are properly used according to the purpose 
suitably, and the so-called search alignment which detects the location of the single dimension mark 
of three points on a wafer, and performs outline location measurement of a wafer, fine alignment 
which performs exact location measurement of each shot field on a wafer are performed. 
[0076] In this case, one alignment system 88 A is used for location measurement of the alignment 
mark on the wafer Wl held on the wafer stage WSTl etc. Moreover, alignment system 88B of 
another side is used for location measurement of the alignment mark on the wafer W2 held on the 
wafer stage WST2 etc. It is supplied to the alignment control unit 80, with the alignment control unit 
80, the detecting signal from each alignment sensor which constitutes these alignment systems 88A 
and 88B carries out A/D (analog to digital) conversion of the supplied detecting signal, carries out 
data processing of the digitized wave signal, and detects a mark location. This detection result is sent 
to a main control unit 90, and the location amendment information at the time of exposure etc. is 
outputted from a main control unit 90 to the stage control unit 38 according to that detection result. 
[0077] Moreover, although the illustration abbreviation was carried out, the automatic focus / auto 
leveling measuring machine style (henceforth a "AF/AL system") for detecting the amount of 
defocusing from the best focus location of the exposure side of a wafer Wl (or W2) are prepared in 
each of projection optics PL 1 and the alignment systems 88 A and 88B. Among this, the so-called 
multipoint AF system of an oblique incidence method is used as an AF/AL system of projection 
optics PL 1. And the same AF/AL system also as the alignment systems 88 A and 88B is prepared. 
TTiat is, in this example, it has composition which can irradiate a detection beam also by the AF/AL 
system used at the time of an alignment sequence to the almost same measurement field as AF/AL 
system used for detection of the amount of defocusing at the time of exposure. For this reason, 
location measurement of an alignment mark can be performed with high precision in a focus 
precision comparable as the time of exposure also at the time of the alignment sequence which used 
the alignment systems 88A and 88B. If it puts in another way, the offset (error) by the posture of a 
stage will not occur between the times of exposure and alignment. 

[0078] Next, a reticle drive is explained with reference to drawing 5 and drawing 6 . This reticle 
drive held the reticle Rl for the reticle base board 79 top, and is equipped with the linear motor 
which is not illustrated [ which holds a reticle R2 along the same migration side, and drives the 
movable reticle stages RST2 and these reticle stages RSTl and RST2 in the two-dimensional 
direction with the reticle stage RSTl movable in the two-dimensional direction of XY flat surface ], 
and the reticle interferometer systems which manage the location of these reticle stages RSTl and 
RST2. 

[0079] As shown in drawing 6 , it is installed in the scanning direction (the direction of Y) by the 
serial, and surfacing support is carried out on the reticle base board 79 through non-illustrated 
pneumatic bearing, and if this is explained further in full detail, these reticle stages RSTl and RST2 
are constituted so that minute rotation of the minute drive of the direction of X and the direction of 
theta and the scan drive of the direction of Y may be made by reticle stage drive 81R (refer to 
drawing 5 ). In addition, although reticle stage drive 8 IR makes the driving source the same linear 
motor as the stage equipment for wafers, drawing 5 shows it as a mere block from from [ after / 
expedient / explaining ]. For this reason, in case the reticles Rl and R2 on reticle stages RST [ RSTl 
and ] 2 are double exposure, it is used altematively, and it has wafers Wl and W2 and composition 
which can carry out a synchronous scan also about which reticles Rl and R2. 
[0080] On these reticle stages RST [ RSTl and ] 2 + The migration mirrors 82A and 82B which 
change from the same materials (for example, ceramics etc.) as reticle stages RSTl and RST2 to the 
side face of the direction of X are installed in the direction of Y, respectively. It turns to the reflector 
of the direction of +X of these migration mirrors 82A and 82B, A laser interferometer The 
measurement beam 91X1 to 91X5 which consists of a laser beam is irradiated from 83X1 to 83X5. 
(It is only hereafter called a "interferometer") In the interferometer 83X1 to 83X5, the location of the 
direction of X of reticle stages RSTl and RST2 is measured by receiving the reflected light and 
measuring the relative displacement over a predetermined datum plane. Here, the measurement beam 
91X3 from an interferometer 83X3 has two measurement beams left in the direction of Y which can 
carry out displacement measurement independently actual, respectively, and can measure the 
location and the amount of yawing (surrounding angle of rotation of the Z-axis) of the direction of X 
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of reticle stages RSTl and RST2 from these two measurement values. 

[0081] In this example, spacing of the direction of Y of the measurement beam 91X1 to 91X5 is set 
up shorter than the width of face of the direction of Y of the migration mirrors 82 A and 82B, and 
which measurement beam 91X1 to 91X5 is always irradiated by the migration mirrors 82A and 82B 
by this. Moreover, two measurement beams (for example, 91X1, 91X2) which adjoin at a certain 
time come to be irradiated by the same migration mirror (for example, 82B) at coincidence, and the 
interferometer 83X1 which corresponds this condition, and 83X2 can consider that the measurement 
range overlaps partially. By this, the measurement value of an interferometer 83X1 to 83X4 can be 
delivered to the measurement value of an interferometer 83X2 to 83X5 with high precision one by 
one like the after-mentioned. The measurement value of an interferometer 83X1 to 83X5 is supplied 
to the stage control device 38 of drawing 5 , and in order that the stage control device 38 may amend 
a synchronization error with the wafer stages WSTl and WST2 based on these measurement values, 
the roll control of reticle stages RSTl and RST2 and position control of the direction of X are 
performed through reticle stage drive 81R. 

[0082] On the other hand, in drawing 6 , the cube comer reflectors 89A and 89B as a migration 
mirror of a pair are installed in the edge of the direction of -Y along the scanning direction of the 1 st 
reticle stage RSTl. And from the interferometer (un-illustrating) of the double pass method of a pair, 
the measurement beam (it represents with one measurement beam at drawing 6 ) 91 Yl which 
consists of two laser beams, respectively, and 91Y2 are irradiated to these cube comer reflectors 89 A 
and 89B, and the relative displacement of the direction of Y of a reticle stage RSTl is measured to a 
predetermined datum plane by the interferometer of the pair which is not illustrated [ the ]. 
Moreover, the cube comer reflectors 89C and 89D of a pair are installed also in the edge of the 
direction of +Y of the 2nd reticle stage RST2. The measurement beam 91 Y3 and 91 Y4 (it consists of 
two laser beams in fact, respectively) are irradiated to these cube comer reflectors 89C and 89D from 
the interferometer 83 Y3 of the double pass method of a pair, and 83 Y4. The variation rate of the 
direction of Y of a reticle stage RST2 is measured by an interferometer 83 Y3 and 83 Y4, 
respectively. 

[0083] The measurement value of the interferometer of these double pass methods is also supplied to 
the stage control device 38 of drawing 5 , and the location of the direction of Y of reticle stages 
RSTl and RST2 is controlled based on the measurement value. That is, the interferometer systems 
for reticle stages are constituted from this example by the interferometer 83X1 to 83X5 which has 
the measxirement beam 91X1 to 91X5, and the measurement beam 91Y1, 91Y2 and the measurement 
beam 91 Y3 and the interferometer of two pairs of double pass methods which have 91 Y4. In 
addition, an interferometer 83X1 to 83X5 is expressed by drawing 5 by the interferometer 83, and 
the migration mirrors 82 A and 82B and the measurement beam 91X1 to 91X5 are expressed by 
drawing 5 by the migration mirror 82 and measurement beam 9 IX, respectively. 
[0084] Next, the interferometer systems which manage the location of the wafer stages WSTl and 
WST2 are explained with reference to drawing 5 - drawing 7 . As shown in drawing 5 - drawin g 7 , 
in accordance with the shaft parallel to the X-axis, the measurement beam 92X2 which consists of an 
interferometer 87X2 from the laser beam of three shafts is irradiated by reflector 84X of the side face 
of the direction of -X of the wafer stage WSTl through the core (optical axis AXl) of the projection 
image of projection optics PL 1, and each detection core of the alignment systems 88A and 88B. 
Similarly, the measurement beam 92X5 which consists of a laser beam of three shafts is irradiated by 
reflector 85X of the side face of the direction of +X of the wafer stage WST2 from the interferometer 
87X5. In an interferometer 87X2 and 87X5, the relative displacement to the direction of X from the 
criteria location of each reflector is measured by receiving those reflected lights. 
[0085] As shown in drawing 6 , in this case, the measurement beam 92X2 and 92X5 Since it is the 
laser beam of three shafts which can perform displacement measurement mutually-independent, 
respectively, the corresponding interferometer 87X2 and 87X5 Tilt angle (surrounding angle of 
rotation of Y-axis) measurement of each stage and measurement of a yawing angle (angle of rotation 
of the circumference of the Z-axis) can be carried out besides measuring the location of the direction 
of X of the wafer stages WSTl and WST2, respectively. In this case, although Z and the leveling 
stages LSI and LS2 for performing the drive of the minute drive to the Z direction of wafers Wl and 
W2 and a tilt angle and the surrounding rotation drive of the Z-axis, respectively are established in 
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the wafer stages WSTl and WST2 of this example as shown in drawing 6 , Z and the leveUng stages 
LSI and LS2 are in a part lower than Reflectors 84X and 85X in fact. Therefore, the monitor of all 
the amounts of drives in the case of tilt angle control of wafers Wl and W2 and yawing angle control 
can be carried out by these interferometers 87X2 and 87X5. 

[0086] In addition, the measurement beam 92X2 of the X-axis and 92X5 are always irradiated by the 
reflectors 84X and 85X of the wafer stages WSTl and WST2 throughout the successive range of the 
wafer stages WSTl and WST2, Therefore, in any [ at the time of the exposure which used projection 
optics PL 1, or use of the aUgnment systems 88 A and 88B etc. ] case, about the direction of X, the 
location of the direction of X of the wafer stages WSTl and WST2 is managed based on the 
measurement beam 92X2 and the measurement value which used 92X5. 

[0087] Moreover, as shown in drawing 6 and drawing 7 , the side face of the direction of +Y of the 
wafer stages WSTl and WST2 is processed on the reflectors 84Y and 85 Y as a migration mirror, and 
the measurement beam 92Y3 parallel to a Y-axis is irradiated by Reflectors 84Y and 85Y from the 
interferometer 87Y3 through the optical axis AXl of projection optics PL 1. Moreover, the 
measurement beam 92Y1 parallel to a Y-axis, the interferometer 87Y1 which has 92Y5, 
respectively, and 87Y5 are prepared through each detection core of the alignment systems 88A and 
88B. In this example, the measurement value of the interferometer 87Y3 with the measurement beam 
92 Y3 is used for location measurement of the direction of Y of the wafer stages WSTl and WST2 at 
the time of the exposure using projection optics PL 1, and an interferometer 87Y1 or the 
measurement value of 87Y5 is used for location measurement of the wafer stage WSTl at the time 
of use of alignment system 88 A or 88B, or the direction of Y of WST2, respectively. 
[0088] Therefore, the measurement beam of the interferometer 87Y1 of a Y-axis, 87Y3, and 87Y5 
may separate according to each service condition from the reflectors 84Y and 85 Y of the wafer 
stages WSTl and WST2. Therefore, in this example, the interferometer 87Y2 which has the 
measurement beam 92 Y2 parallel to a Y-axis between an interferometer 87X1 and 87 Y3 is formed. 
He is trying for the measurement beam from at least one interferometer to always be irradiated by 
the reflectors 84Y and 85 Y of the wafer stages WSTl and WST2 between an interferometer 87Y3 
and 87Y5 by forming the interferometer 87Y4 with the measurement beam 92Y4 parallel to a Y- 
axis. For this reason, if width of face of the direction of X of the reflectors 84Y and 85 Y as a 
migration mirror is set to DXl, the measurement beam 92Y1, 92Y2, ~, the spacing DX 2 of the 
direction of X of 92Y5 will be set up more narrowly than width of face DX 1 . Consequenfly, since 
the case where two measurement beams adjoined in the measurement beam 92 Yl to 92 Y5 are 
irradiated by coincidence on reflector 84Y and 85Y surely arises (it has the measurement range 
which overlaps partially), the measurement value is delivered to the 2nd interferometer from the 1st 
interferometer in that condition like the after-mentioned. Also in the direction of Y, as for the wafer 
stages WSTl and WST2, positioning is performed with high precision with high repeatability by 
this. 

[0089] In addition, since the measurement beam 92 Yl for location measurement of the direction of 
Y, 92 Y3, and 92 Y5 consist of a biaxial laser beam which can separate to a Z direction, respectively 
and can perform location measurement independently, the corresponding interferometer 87Y1, 
87Y3, and 87Y5 can also perform measurement of the surrounding tilt angle (tilt angle) of the X-axis 
besides the location of the direction of Y of the reflectors 84Y and 85 Y for measurement, 
respectively. The interferometer systems which manage the two-dimensional coordinate location of 
the wafer stages WSTl and WST2 are constituted from this example by a total of seven 
interferometers of an interferometer 87X2, 87X5, and 87 Yl to 87 Y5. In this example, while one side 
of the wafer stages WSTl and WST2 is performing the exposure sequence, another side performs 
wafer exchange and a wafer alignment sequence, so that it may mention later, but based on the 
measurement value of each interferometer, the stage control device 38 is performing the location of 
the wafer stages WSTl and WST2, and speed control so that there may be no mechanical 
interference of both stages in this case. 

[0090] Next, the illumination system and control system of this example are explained based on 
drawing 5 . KrF and ArF which are the exposure light source in drawing 5 , or F2 etc. ~ after the 
exposure light which consists of pulse laser light injected from the light source section 40 which 
consists of an excimer laser and extinction systems (extinction plate etc.) penetrates a shutter 42, a 
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mirror 44 deviates, it is orthopedically operated by the suitable beam diameter with the beam 
expanders 46 and 48, and incidence of it is carried out to the 1st fly eye lens 50. Incidence of the 
exposure Ught injected from this 1st fly eye lens 50 is carried out to the 2nd fly eye lens 58 through a 
lens 52, the oscillating mirror 54, and a lens 56. The exposure light injected from this 2nd fly eye 
lens 58 The fixed blind 62 installed in the reticle Rl (or R2) and the location [ **** ] is reached 
through a lens 60. After the cross-section configuration is specified in a predetermined configuration 
here, the movable blind 64 arranged in the location slightly defocused from the conjugation side with 
a reticle is passed. The rectangle slit-hke lighting field lA (refer to drawing 6 ) is illuminated as a 
light of uniform illuminance distribution through relay lenses 66 and 68 the predetermined 
configuration on a reticle Rl, and here. 

[0091] Next, the control system of this example consists of the light exposure control devices 70 and 
stage control-device 38 grades under jurisdiction of this main control xmit 90 centering on the main 
control unit 90 which controls the whole equipment in control. For example, in exposing the pattern 
of a reticle Rl to a wafer Wl, direct the li^t exposure control device 70 to the shutter driving gear 
72, it makes the shutter mechanical component 74 drive, before a synchronous scan with a reticle Rl 
and a wafer Wl is started, and opens a shutter 42. 

[0092] Then, according to directions of a main control unit 90, a synchronous scan (scan control) 
with a reticle Rl, a wafer Wl RSTl, i.e., a reticle stage, and the wafer stage WSTl is started by the 
stage control device 38. This synchronous scan is performed by controlling stage drive-system 81 W 
and reticle stage drive 81R by the stage control device 38, carrying out the monitor of the 
measurement value of the measurement beam 92Y3 of the interferometer systems for wafer stages 
mentioned above, 92X2 and the measurement beam 91 Yl of the interferometer systems for reticle 
stages, 91Y2, and 91X3. 

[0093] And when the uniform drive of both the stages RSTl and WSTl is carried out by making a 
projection scale-factor ratio into a velocity ratio within a predetermined synchronization error, 
respectively, it directs to the laser control unit 76, and pulse luminescence is made to start in the light 
exposure control unit 70. By this, the lighting field lA (refer to drawing 6 ) of the rectangle of a 
reticle Rl is illuminated by exposure light, the image of the pattem in the lighting field lA is reduced 
by projection optics PL 1 by 1/5 time, and projection exposure is carried out on the wafer Wl with 
which the photoresist was applied to the front face. Here, compared with the pattem space on a 
reticle Rl , the width of face of the scanning direction of the lighting field lA is narrow, it is carrying 
out the synchronous scan of a reticle Rl and the wafer Wl, and the sequential imprint of the image 
of the whole surface of a pattem space is carried out to the shot field on a wafer so that clearly also 
from drawing 6 . In the case of this exposure, the light exposure control unit 70 is directing to the 
mirror driving gear 78 and making the oscillating mirror 54 drive, and reduces the illuminance 
unevenness by the interference fringe generated in two fly eye lenses 50 and 58. 
[0094] moreover , synchronizing with the scan with a reticle Rl and a wafer Wl , drive control of 
the movable blind 64 be carry out by the blind control device 39 , and such synchronous operation of 
a series of be manage by the stage control device 38 so that the exposure light which passed through 
the exterior (exterior of a protection from light band ) of the pattem space on a reticle Rl may not 
leak near the edge section of each shot field on a wafer Wl during scan exposure . Furthermore, in a 
main control unit 90, when, amending the run-up starting position of the reticle stage and wafer stage 
which perform a synchronous scan at the time of scan exposure etc. for example, the correction value 
of a stage location is directed to the stage control device 38 which carries out migration control of 
each stage. 

[0095] Next, two or more interferometers with which the measurement range overlaps partially the 
reticle stages RSTl and RST2 and the wafer stages WSTl and WST2 of this example as mentioned 
above, respectively are arranged, and it is constituted so that sequential delivery of the measurement 
value of an interferometer may be carried out. Below, the wafer stage WST2 of drawing 7 , the 
interferometer 87Y3 of two Y-axes, and 87Y4 are taken for an example, and it explains with 
reference to drawing 7 - drawin g 10 per delivery actuation of the measurement value of an 
interferometer, i.e., presetting actuation of the measurement value of an interferometer. 
[0096] First, if the wafer stage WST2 in the location of drawing 7 moves in the direction of -X, the 
measurement beam 92Y4 will not carry out incidence to reflector 85Y as a migration mirror of the 
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wafer stage WST2 in the middle of this migration. On the contrary, if the wafer stage WST2 moves 
in the direction of +X, the measurement beam 92 Y3 will not carry out incidence to reflector 85 Y in 
the middle of this migration. Then, it is necessary to measure the Y coordinate of the wafer stage 
WST2 in the condition fliat a measurement value is delivered with high precision, it uses any [ an 
interferometer 87Y4 and ] of 87Y3 they are, and there is repeatability between an interferometer 
87Y4 and an interferometer 87Y3. For this reason, the following works are carried out in this 
example. 

[0097] Drawing 8 (a) is the top view showing the wafer stage WST2 of drawing 7 , in this drawing 8 
(a), the variation rate of the direction of X of the wafer stage WST2 is measured by the 
interferometer 87X5 of the X-axis, and the variation rate of the direction of Y of the wafer stage 
WST2 is measured by two interferometers 87Y3 and 87Y4. The spacing DX 2 of an interferometer 
87Y3, the measurement beam 92Y3 of 87 Y4, and the direction of X of 92 Y4 is narrower than the 
width of face DX 1 of the direction of X of reflector 85Y of the wafer stage WST2. 
[0098] Here, the interferometer 87Y4 of this example and 87Y3 are the laser interferometers of a 
heterodyne-interferometry method, respectively, and 2 frequency oscillation laser (for example, 
helium-Ne laser light source with a wavelength [ of a Zeeman effect mold ] of 633nm) which is not 
illustrated [ conraion as the light source of a measurement beam ] is used. From this 2 frequency 
oscillation laser, the polarization direction intersects perpendicularly mutually, and the 1 st and 2nd 
flux of lights which have predetermined delta-frequency deltaf (for example, about 2MHz) are 
injected by the same axle as a heterodyne beam. First, in this heterodyne beam, the reference sign SR 
of frequency deltaf is generated by carrying out photo electric conversion, and this reference sign SR 
is supplied [ interference light / 1 / / which branched about ten and was mixed with the analyzer ] to 
an interferometer 87Y4 and each phase comparator 26 (refer to drawing 9 ) in 87Y3. 
[0099] Moreover, the 1st [ which was obtained by branching about 1/10 in the above-mentioned 
heterodyne beam, respectively ] and 2nd heterodyne beams are supplied to an interferometer 87Y3 
and 87Y4, an interferometer 87Y4 uses as the measurement beam 92Y4 one side of the 2 flux of 
lights the flux of lights and the polarization direction of the 2nd heterodyne beam cross at right 
angles, and a reference beam is reflected in a non-illustrated reference mirror by meiking another side 
into a reference beam (un-illustrating). The interference Hght which mixed the reflected reference 
beam and the measurement beam 92Y4 reflected by reflector 85Y with the analyzer by carrying out 
photo electric conversion and by frequency deltaf And the measurement signal S2 from which a 
phase changes is generated, the phase comparator 26 of drawing 9 is supplied, and in a phase 
comparator 26, the phase contrast phi 2 of the above-mentioned reference sign SR and a 
measurement signal S2 is detected with predetermined resolution (for example, 2pi/100 (rad)), and is 
supplied to an integrator 27. 

[0100] under the present circumstances, when reflector 85 Y moves only lambda/m (this example ~ 
like — a single pass method ~ m= 2 — on the other hand ~ a double pass method — m= 4) in the 
direction of Y using one or more integers m, it having been alike and having used the measurement 
beam 92Y3 and wavelength of 92 Y4 as lambda, that phase contrast phi 2 does 2pi (rad) change of 
Moreover, it is 0<=phi2<2pi, and with the integrator 27 of drawing 9 , the range of phase contrast 
phi 2 adds 1 to the predetermined integer (it is equivalent to order of interference) N2, in case phase 
contrast phi 2 crosses 2pi in the direction of +, and in case phase contrast phi 2 crosses 0 in the 
direction of -, it subtracts 1 from the integer N2. And an integrator 27 sends during measurement the 
measurement value P2 which multipUed {NH-phi2/(2pi)} by lambda/m to the stage control unit 38 
as an absolute location of the direction of Y of the wafer stage WST2. 

[0101] The integer Nl fluctuated whenever similarly the phase contrast phi 1 of the measurement 
signal SI obtained from the measurement beam 92Y3 and the above-mentioned reference sign SR 
and this phase contrast phi 1 cross 2pi or 0 also in an interferometer 87Y3, and the measurement 
value PI computed from lambda/m are sent to the stage control unit 38. That is, an interferometer 
87Y3 and 87Y4 are measuring absolutely the location of the direction of Y of the wafer stage WST2 
as a location within the width of face of lambda/m, respectively. 

[0102] And since the interferometer 87X5 of the X-axis of this example is equipped with two laser 
beams left in the direction of Y as shown in drawing 6 , it can measure the angle of rotation thetaW2 
of the wafer stage WST2 from the difference of the measurement value of the X coordinate of 
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reflector 85X by these two laser beams. By then, the "initial state" which made the wafer stage 
WST2 stand it still so that the angle of rotation thetaW2 may be beforehand set to 0 in the state of 
drawing 8 (a) While resetting an interferometer 87Y4 and the integers N2 and Nl in 87Y3 to 0, the 
measurement values (initial value) P20 and PI 0 which multiply the phase contrast phi2 and phil 
measured by {l-/(2pi)} (lambda/m), and are obtained are incorporated to the stage control unit 38. 
[0103] and - a stage - a control unit -- 38 -- **** - an interferometer -- 87 -- Y - four -- 87 -- Y -- 
three - a measurement value - offset - respectively - P - 20 - P - ten - ****** - next - an 
interferometer - 87 ~ Y -- four - 87 - Y - three - from - supplying - having - a measurement 
value -- P - two - P one - the - offset (- P20, -PIO) - having added - a value - an 
interferometer - 87 - Y - four ~ 87 ~ Y ~ three ~ being actual ~ a measurement value - P ~ two - 
. ' „ P „ one --•-**- carrying out . That is, this measurement value P2' and PT will express 
correctly the amount of displacement to the direction of Y of the wafer stage WST2 from the above- 
mentioned initial state. The initial value (P20, PIO) of the measurement value is memorized. 
[0104] Now, in drawing 8 (a), the wafer stage WST2 moves in the direction of -X further, and 
presupposes that the location shown in drawing 8 (b) was arrived at. In drawing 8 (b), the 
measurement beam 92 Y4 of an interferometer 87Y4 has separated from reflector 85 Y as a migration 
mirror. In this condition, the Y coordinate of the wafer stage WST2 shall be measured by the 
interferometer 87Y3. When the wafer stage WST2 begins migration in the direction of +X toward 
the location again shown in drawing 8 (a) from this condition and reflector 85Y enters in the 
exposure range of the measurement beam 92Y4 of an interferometer 87Y4 (measuring range), it is 
the following, and the measurement value of an interferometer 87Y4 is made and set up (presetting). 
[0105] First, the angle of rotation thetaW2 (it is a minute amoimt (rad) near about 0) of the wafer 
stage WST2 is measured by the measurement beam 92X5 (two laser beams) of the interferometer 
87X5 of the X-axis. In this condition, the measurement value PI of the Y coordinate by the 
interferometer 87Y3 using the measurement beam 92Y3 is calculated in drawin g 8 (a). However, this 
measurement value PI is a direct measurement value before performing offset amendment. And, for 
example in the stage control unit 38, the order of interference N2 (N2 is an integer) of an 
interferometer 87Y4 and fraction epsilon2/(2pi) estimate are calculated from the measurement value 
PI . This fraction epsilon 2 is a value corresponding to above phi 2. 

[0106] That is, the operation part in the stage control device 38 computes estimate P2' of the 
measurement value P2 before offset amendment of an interferometer 87Y4 as follows from the 
difference (=P20-P10) of the initial value of the measurement beam 92Y3, the spacing DX 2 of 
92Y4, the measurement value thetaW2 of the angle of rotation of the wafer stage WST2, the 
measurement value PI of an interferometer 87Y3 and an interferometer 87Y4, and the measurement 
value of 87Y3. 

P2'=Pl+DX2andthetaW2+ (P20-P10) 

[0107] For example, when the measurement precision of the measurement value thetaW2 of an angle 
of rotation is high, this estimate P2* may be preset as it is as a value of the current measurement 
value P2 of an interferometer 87 Y4. However, since the measurement error of a certain extent may 
be included in the measurement value thetaW2, as for the operation part, an interferometer 87Y4 
decomposes the assignment value P2' into a part for a part for an integer, and a fraction using a 
location being measurable absolutely per width-of-face lambda/m. Therefore, the remaining value 
twice the N of die-length lambda/m becomes fraction epsilon2/(2pi) in estimate P2* of the 
measurement value of an interferometer 87Y4. That is, the stage control unit 38 computes an integer 
N2 and a fraction epsilon 2 as follows (presumption). 
[0108] 

N2=g {P2V(lambda/m)} (1) 

epsilon2= {P2V(lambda/m)-N2} (2pi) (2) 

Here, g {X} is a function which gives the maximum integer which does not exceed X. In the stage 
control unit 38, the estimate (N2, epsilon2) of the order of interference obtained from a measurement 
value PI and a fraction and the preset value of the integer (degree) N2 of the phase contrast (absolute 
phase) phi 2 actually measured with an interferometer 87Y4 to the interferometer 87Y4 are 
determined so that it may explain in full detail behind. 

[0109] As drawing 9 shows some stage control units 38 of this example, and some interferometers 
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87Y4 and shows them to drawing 9 , as for the interferometer 87Y4, it has the phase comparator 26 
into which the reference sign SR outputted from the laser Ught source and a measurement signal S2 
(photo-electric-conversion signal of the interference light of a measurement beam and a reference 
beam) are inputted. A phase comparator 26 detects the phase contrast phi 2 of a reference sign SR 
and a measurement signal S2, and the detected phase contrast phi 2 is outputted also to the 
computation equipment 28 in the stage control unit 38 while it is outputted to an integrator 27. In 
addition, other interferometers are equipped with the phase comparator 26 and the integrator 27, 
respectively. 

[01 10] An integrator 27 integrates an integer N2 from change of the phase contrast phi 2 as 
mentioned above at the time of measurement, and is outputting the measurement value P2 which 
multiplies {N2+phi2/(2pi)} by (lambda/m), and is obtained to the stage control unit 38 as 
information which shows the movement magnitude of a migration mirror (this example reflector 
85Y). However, when delivering a measurement value like now, computation equipment 28 
compares the phase contrast phi 2 inputted from the phase comparator 26, and the estimate epsilon 2 
of the fraction inputted from the above-mentioned operation part. Since the integer N2 which shows 
the presumed order of interference may have shifted in **1 when the estimate epsilon 2 of the 
presxuned phase contrast is close to 0 (zero) or 2pi, this comparison is a thing of that verification to 
perform for accumulating. Actuation of this comparison is explained referring to drawing 10 . For 
convenience, estimate of N2 is made into Degree N in drawing 10 . 

[0111] Drawing 10 (a) In - (c), an axis of abscissa expresses the phase contrast of a reference sign 
and a measurement signal, and is illustrating the phase contrast of the range of order-of-interference 
k=N -1, k=N, and k=N +1 especially. 2pi change of phase contrast is done within one degree. 
Drawing 10 (a) shows the case where the absolute value of a difference with the estimate epsilon 2 
of the actual phase contrast phi 2 and phase contrast is smaller than pi (|phi2-epsilon2|<pi). In this 
case, since the actual phase contrast phi 2 is in Degree N as illustration, order of interference is N as 
estimate, and is taken as preset value N*=N of a degree. Drawing 10 (b) shows the case where the 
value which subtracted the estimate epsilon 2 of a phase from the actual phase contrast phi 2 is larger 
than pi (phi2-epsilon2>pi). In this case, since the actual phase contrast phi 2 is in a degree N-1 as 
illustration, preset value N' is set to N'=N-1. Moreover, drawing 10 (c) shows the case where the 
value which subtracted the estimate epsilon 2 of a phase from the actual phase contrast phi 2 is 
smaller than -pi (phi2-epsilon2<-pi). In this case, since the actual phase contrast phi 2 is in a degree 
N+1 as illustration, it is referred to as N-N+1. 

[0112] With computation equipment 28, preset value N* for which it asked as mentioned above is 
outputted as a preset value RE over the integrator 27 of drawing 9 . In an integrator 27, a preset value 
RE (namely, N*) is set up as a preset value of an integer N2, the measurement value P2 of Y 
coordinate is computed as follows from the phase contrast phi 2 from a phase comparator 26, £ind 
integer N', the stage control unit 38 is supplied, and the rest performs the usual measurement 
actuation. 

P2=(lambda/m) andN*+ (lambda/m) (phi2/2pi) (3) 

While meaning retuming to the original value substantially, it means that the measurement value of 
an interferometer 87Y3 receives in an interferometer 87Y4 correctly, and the measurement value P2 
of an interferometer 87Y4 had been passed by this. 

[0113] In case the reflected light from a mirror plane sets a preset value £is the 1st interferometer 
which came to be obtained again by this example as mentioned above The measured value computed 
from the measured value of other 2nd interferometer is used as estimate for determining the order of 
interference (Nl or N2) of the 1st interferometer. He is trying to determine the preset value of the 
order of interference (Nl or N2) of the 1 st interferometer, as a result the preset value of the 
measurement value of an interferometer based on the presumed order of interference and the phase 
contrast (absolute phase) phi measured with the 1st interferometer. In this case, since the 
measurement beam has once separated from the mirror plane, order of interference N2 or Nl is 
unknown, but since order of interference is calculated by count from the measured value of other 
interferometers, the preset value of that interferometer can be set up in the precision of that 
interferometer proper. 

[01 14] In addition, ttie time of equipment starting, and when a measurement error needs to mix in all 
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measured value by a certain cause and the measurement value of all interferometers needs to be 
reset, a degree N 2= 0 is sent to computation equipment 28, and it is necessary to make it set the 
output (preset value) RE 0) of computation equipment 28 as an integrator 27 similarly in drawing 
9 . In this case, only the value corresponding to phase contrast (absolute phase) phi 2 will be set as an 
integrator 27 (interferometer 87Y4) despite a join office. The initial value of an interferometer 87Y3 
turns into a value corresponding to phase contrast phi 1 similarly. 

[0115] Moreover, you may carry out as [ feed / if needed / to computation equipment 1 8 / the output 
P2 of an integrator 27 ]. In this case, even the amount of displacement of a wafer stage after 
resetting, imtil a reset value is set as an integrator 27 firom computation equipment 28 in an integrator 
27 can be included, and it can be set as an integrator 27 as a preset value. In this case, when light- 
receiving of the reflected light firom a wafer stage is attained, it can take into consideration and 
depend to the amount of displacement of a wafer stage until a preset value RE2 is set as an integrator 
27 firom from, and precise initial value can be set up. 

[01 16] Moreover, in this example, in case the wafer stage WST2 moves, any or one measurement 
beam needs to be irradiated by side-face 85Y of the wafer stage WST2 among the measurement 
beams from an interferometer 87Y3 to 87Y5. Therefore, in this example, the interferometer is 
arranged so that spacing between each measurement beam (for example, the measurement beam 
92Y3 shown in drawing 8 , spacing of 92Y4 (DX) 2) may become shorter than the width of face DX 
1 of the direction of X of the wafer stage WST2. 

[01 17] Moreover, also in the interferometer 83X1 to 83X5 for performing location measurement of 
the reticle stages RSTl and RST2 of drawing 6 , an initial value (preset value) setup of an 
interferometer is performed similarly, and delivery of a measurement value is performed based on 
this. Next, in the projection aligner of this example, the 1st and 2nd carrier system for which a wafer 
is exchanged among the wafer stages WSTl and WST2, respectively is formed. 
[01 18] As are shown in drawing 1 1 , and the 1st carrier system is later mentioned between the wafer 
stages WSTl in a left-hand side wafer loading location, it performs wafer exchange. 1st loading 
guide 96 A to which this 1st carrier system extends in Y shaft orientations. The 1st and 2nd sliders 
97 A and 97C which move along with this loading guide 96A, The 1st wafer loader constituted 
including load arm 98C attached in unload arm 98 A attached in 1st slider 97 A, and 2nd slider 97C, It 
consists of the 1st pin center,large rise 99 which consists of three vertical-movement members 
prepared on the wafer stage WSTl . 

[01 19] Actuation of the wafer exchange by this 1st carrier system is explained briefly. Here, as 
shown in drawing 1 1 , the case where it is exchanged in wafer Wl* on the wafer stage WSTl in a 
left-hand side wafer loading location and the wafer Wl conveyed by the 1st wafer loader is 
explained. First, in a main control unit 90, vacuum adsorption of the wafer holder which is not 
illustrated on the wafer stage WSTl is tumed OFF, and adsorption of wafer Wr is canceled. Next, in 
a main control unit 90, the specified quantity rise of the pin center,large rise 99 is carried out through 
a non-illustrated pin center,large rise drive system. Thereby, wafer Wl' is raised to a predetermined 
location. In this condition, unload arm 98 A is moved just under wafer Wl' through a non-illustrated 
wafer loader control unit in a main control unit 90. After carrying out the downward drive of the pin 
center,large rise 99 to a predetermined location and delivering wafer WV to unload arm 98 A in a 
main control unit 90 in this condition, vacuum adsorption of unload arm 98A is made to start. Next, 
in a main control unit 90, evacuation of unload arm 98A and migration initiation of load arm 98C are 
directed to a wafer loader control unit. Thereby, unload arm 98A starts migration in the direction of - 
Y of drawing 1 1 , and when load arm 98C holding a wafer Wl comes above the wafer stage WSTl, 
a wafer Wl is received and passed on the wafer stage WSTl by vacuum adsorption of load arm 98C 
being canceled by the wafer loader control unit, and carrying out the rise drive of the pin center,large 
rise 99 continuously. 

[0120] Moreover, the 2nd carrier system which delivers a wafer between the wafer stages WST2 As 
shown in drawing 12 , symmetrically with the 1st carrier system 2nd loading guide 96B, It is 
constituted including load arm 98D attached in unload arm 98B attached in the sliders 97B and 97D 
which move along with this 2nd loading guide 96B, and 3rd slider 97B, and 4th slider 97D. Wafer 
W2' exposed next is held at load arm 98D. 

[0121] Next, parallel processing by two wafer stages WSTl and WST2 of the projection aligner of 
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ttiis example is explained with reference to drawing 1 1 and drawing 12 . While exposing through 
projection optics PL 1 to the wafer W2 on the wafer stage WST2, the top view in the condition that 
exchange of a wafer is performed between the wafer stage WSTl and the 1 st carrier system as 
mentioned above in the left-hand side loading location is shown in drawing 1 1 . In this case, on the 
wafer stage WSTl, as it mentions later succeedingly to wafer exchange, alignment actuation is 
performed. In addition, in drawing 1 1 , position control of the wafer stage WSTl where position 
control of the wafer stage WST2 under exposxare actuation is performed based on the measurement 
beam 92X5 of interferometer systems and the measurement value of 92Y3, and wafer exchange and 
alignment actuation are performed is performed based on the measurement beam 92X2 of 
interferometer systems, and the measurement value of 92YL For this reason, in the main control unit 
90 of drawing 5 , before directing to the stage control unit 38 and carrying out wafer exchange and 
alignment actuation, initializing (presetting) of the measurement value of the interferometer 
mentioned later is carried out. 

[0122] It continues at wafer exchange and initializing of an interferometer, and search alignment is 
performed. Only in PURIARAIMENTO made during conveyance of a wafer Wl, since the position 
error is large, the search alignment performed after wafer exchange is PURIARAIMENTO again 
performed on the wafer stage WSTl. The location of three search aligimient marks (un-illustrating) 
specifically formed on the wafer Wl laid on the stage WSTl is measured using the sensor of the 
LSA system of alignment system 88 A of drawing 5 etc., and alignment of the direction of X of a 
wafer Wl , the direction of Y, and the direction of theta is performed based on the measurement 
result. Actuation of each part in the case of this search alignment is controlled by the main control 
unit 90. 

[0123] Fine alignment which searches for the array of each shot field on a wafer Wl by the EGA (en 
hunger strike global alignment) method here is performed after termination of this search alignment. 
Specifically by interferometer systems (the measurement beam 92X2, 92Y1) Carrying out sequential 
migration of the wafer stage WSTl based on the shot array data on a design (alignment mark 
location data) managing the location of the wafer stage WSTl The alignment mark location of the 
predetermined shot field on a wafer Wl (sample shot) is measured by the sensor of the FIA system 
of alignment system 88A of drawing 5 etc. Based on the design coordinate data of this measurement 
result and a shot array, all shot array data are computed by the statistics operation by the least square 
method. In addition, actuation of each part in the case of the fine alignment of this EGA method is 
controlled by the main control unit 90 of drawing 5 , and the above-mentioned operation is 
performed by the main control unit 90. 

[0124] And while wafer exchange and alignment actuation are performed, by the wafer stage WST2 
side, the reticles Rl and R2 of two sheets are used, and double exposure is continuously performed 
by step - and - scanning method at the wafer stage WSTl side, changing exposure conditions. Fine 
alignment by the EGA method is specifically beforehand performed like the wafer Wl side 
mentioned above. After moving the shot field on a wafer W2 to the optical-axis lower part of 
projection optics PL 1 one by one based on the shot array data on the wafer W2 obtained as a result. 
Scan exposvire is performed by making a scanning direction carry out the synchronous scan of the 
reticle stage RSTl (or RST2) and the wafer stage WST2 of drawing 6 at every exposure of each shot 
field. The exposure to all the shot fields on such a wafer W2 continues also after reticle exchange, 
and is performed. Scan exposure is performed after carrying out specified quantity migration of the 
reticle stages RSTl and RST2 in the direction of +Y after performing sequential-scanning exposure 
to each shot field of a wafer W2 as exposure sequence of concrete double exposure using a reticle 
R2, and setting a reticle Rl as a run-up starting position. Since a reticle R2 differs in exposure 
conditions or transmission (lighting conditions, such as zona-orbicularis lighting and deformation 
lighting, light exposure, etc.) fi-om a reticle Rl at this time, it is necessary to change a monograph 
affair based on exposure data etc. beforehand. Actuation of each part in the double exposure of this 
wafer W2 is also controlled by the main control unit 90. 

[0125] When the direction of the wafer stage ended previously will be in a waiting state and both 
actuation ends the exposure sequence, and the wafer exchange and the alignment sequence which are 
performed in parallel on two wafer stages WST [ WSTl and ] 2 shown in drawing 1 1 mentioned 
above, migration control of the wafer stages WSTl and WST2 is carried out to the location shown in 
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drawing 12 . And as for the wafer Wl on the wafer stage WSTl where wafer exchange was made by 
the right-hand side loading position, and the aUgnment sequence ended the wafer W2 on the wafer 
stage WST2 which the exposure sequence ended, an exposure sequence is performed under 
projection optics PL 1 . By the right-hand side loading position shown in drawing 12 , the above- 
mentioned wafer exchange actuation and an alignment sequence will be performed like a left-hand 
side loading position. 

[0126] By this example, improvement in a throughput is aimed at as mentioned above by performing 
an exposure sequence, and wafer exchange and an alignment sequence in parallel to the wafers Wl 
and W2 on each wafer stage, moving independently two wafer stages WSTl and WST2 in the two- 
dimensional direction. However, when carrying out concurrent processing of two actuation using 
two wafer stages, the actuation performed on one wafer stage may affect the actuation to which it is 
carried out on the wafer stage of another side as a disturbance factor. Moreover, there is also 
actuation which does not affect the actuation to which actuation performed on one wafer stage is 
carried out conversely on the wafer stage of another side. So, in this example, it divides into the 
actuation which causes disturbance among the actuation which carries out parallel processing, and 
the actuation not becoming, and timing adjustment of each actuation is achieved so that actuation 
leading to disturbance or actuation leading to disturbance may be performed to coincidence. 
[0127] For example, during scan exposure, since the synchronous scan of a wafer Wl and the 
reticles Rl and R2 is carried out at uniform velocity, when not becoming a disturbance factor, it is 
necessary to eliminate the disturbance factor of the from else as much as possible. For this reason, 
during the scan exposure on one wafer stage WSTl, timing adjustment is made so that it may be in a 
quiescent state in the alignment sequence performed with the wafer W2 on the wafer stage WST2 of 
another side. Namely, since measurement in an alignment sequence is performed in the condition of 
having made the wafer stage WST2 standing it still, for scan exposure, it does not cause disturbance 
but can perform [ be / it / under / scan exposure / concurrency ] mark measurement. On the other 
hand, since it is uniform motion during scan exposure also in an alignment sequence, it does not 
become disturbance but high precision measurement can be performed. 
[0128] Moreover, it is possible to be the same at the time of wafer exchange. Since especially 
vibration produced in case a wafer is delivered to a pin center,large rise from a load arm can cause 
disturbance, according to the time of acceleration and deceleration before and after [ before scan 
exposure ] coming to perform a synchronous scan at uniform velocity (it becomes a disturbance 
factor), it may be made to deliver a wafer. In addition, these timing adjustments are performed by the 
main control unit 90. 

[0129] Furthermore, in this example, since double exposure is performed using the reticle of two or 
more sheets, the improvement effectiveness of high resolution and DOF (depth of focus) is acquired. 
However, in order that this double exposure method may repeat an exposure process twice [ at 
least ], in using a single wafer stage, tihe exposure time becomes long and a throughput falls sharply. 
However, while a throughput can improve sharply by using the projection aligner equipped with two 
sets of the wafer stages of this example, the improvement effectiveness of high resolution and the 
depth of focus DOF is acquired. 

[0130] In addition, also when the applicability of this invention is not limited to this and exposed by 
the single exposing method, this invention can be applied suitably. By using two sets of wafer stages, 
an almost double high throughput can be obtained compared with the case where the single exposing 
method is enforced using one wafer stage. In addition, you may make it prepare fixrther the stage for 
measurement for measuring the condition or image formation property of exposure light like the 
gestalt of the 1 st operation in the gestalt of this 2nd operation. Moreover, although the wafer stage is 
driven with the combination of a 1 -dimensional motor, you may make it drive two-dimensional by 
the flat-surface motor like the gestalt of the 1 st operation in this example. 

[0131] The projection aligner of the gestalt of this operation can perform optical adjustment of the 
projection optics PL (PLl) which consists of two or more lenses, and can manufacture it by carrying 
out comprehensive adjustments (electric adjustment, check of operation, etc.) further while it 
assembles the reticle stage RST (RSTl, RST2) which consists of many machine parts, and the wafer 
stage WST (WSTl, WST2). In addition, as for manufacture of a projection aligner, it is desirable to 

carry out in the clean room where temperature, an air cleanliness class, etc. were managed. 
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[0132] Moreover, although this invention was applied to the projection aligner of step - and - 
scanning method, this invention is not restricted to this, but even if it is a charged-particle line 
aligner which makes the aligner which uses EUV light, such as a projection aligner of a step-and- 
repeat method, an aligner of a pro squeak tee method, or an X-ray, as an exposure beam, and an 
electron ray (energy line) the light source (energy line), it is applicable [ this invention ] with the 
gestalt of the above-mentioned operation, similarly. Moreover, you may use for the test equipment 
which uses the stage for positioning not only an aligner but a wafer etc., or repair equipment. 
[0133] In addition, of course, configurations various in the range which this invention is not limited 
to the gestalt of above-mentioned operation, and does not deviate from the summary of this invention 
can be taken. 
[0134] 

[Effect of the Invention] According to the 1st stage equipment of this invention, by preparing a 
movable stage, respectively for every function according to individual, and two or more 
predetermined functional groups of every, each movable stage can be made to be able to miniaturize 
and it can drive at high speed and with high precision. Moreover, two or more movable stages can be 
moved in the respectively larger range than the measurement range of the 1st system of 
measurement, and further, when each movable stage goes into measurement within the limits of the 
1st system of measurement, the location of the movable stage can be measured with high precision 
with high repeatability according to the 1st system of measurement. 

[0135] Next, according to the 2nd stage equipment of this invention, it is the respectively large 
measurement range, and the location of two or more of the movable stages can be measured with 
high precision with high repeatability. Moreover, since the location of the movable stage is 
measurable with high precision with the 1st system of measurement only by doubling the 
measurement result of the 1st system of measurement with the measurement result of the 2nd system 
of measurement, improvement in a throughput can be aimed at. 

[0136] Next, according to the 1st aligner of this invention, since it has stage equipment of this 
invention, for example, when measuring the location of the movable stage with an interferometer, a 
migration mirror can be made smaller than the successive range of the movable stage, and weight of 
the movable stage can be made small. Therefore, it can become easy to move the movable stage to a 
high speed, it can expose using a double exposure method etc. by the high throughput, and 
improvement in resolution and the depth of focus can be aimed at. 

[0137] Next, according to the 2nd aligner of this invention, since magnitude of the 1st movable stage 
is made to necessary minimum by giving only the minimum function required for exposure to the 1st 
movable stage used for original exposure, miniaturization of a stage and lightweight-ization are 
performed, improvement in a throughput is aimed at and the thing of it can be carried out. On the 
other hand, there is no direct need in exposure, and since the property metering device for measuring 
the property at the time of imprinting the pattem of the mask is carried in 2nd another movable stage, 
it can also measure the property at the time of imprinting the pattem of the mask. Moreover, since it 
has stage equipment of this invention, the location of two or more of the movable stages is 
measurable with high precision. 

[0138] Next, according to the 3rd aligner of this invention, performing exposure actuation on one 
movable stage of two or more of the movable stages, for example, carrying-in taking out and 
alignment actuation of a substrate can be performed, and improvement in a throughput can be aimed 
at on another movable stage. Next, according to the 4th aligner of this invention, by giving only the 
minimum function required for exposure to the 1 st movable stage used for original exposure, 
miniaturization of the 1st movable stage and lightweight-ization can be performed, and improvement 
in a throughput can be aimed at. On the other hand, there is no direct need in exposure, and since the 
property metering device for measuring the image formation property of the projection optics is 
carried in 2nd another movable stage, it can also measure an image formation property. 
[0139] Next, according to the 1st positioning approach of this invention, quickly, the location of two 
or more of the movable stages can be measured with high precision, and can be positioned. 
Similarly, according to the 2nd positioning approach of this invention, quickly, the location of two or 
more of the movable stages can be measured with high precision, and can be positioned. 
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* NOTICES * 

JPO and NCXPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the projection aligner of the gestalt of operation of the 
1 st of this invention. 

[Drawing 2] It is the top view showing the wafer stage WST and the stage 14 for measurement of 
drawing 1 . 

[Drawing 3] It is the top view showing the reticle stage RST and the stage 5 for measurement of 
drawing 1 . 

[Drawing 4] In the gestalt of the 1st operation, it is the top view with which the explanation in the 
case of measuring the condition of exposure light etc. using the stage 14 for measurement is 
presented. 

[Drawing 5] It is the outhne block diagram of the projection aligner of the gestalt of operation of the 
2nd of this invention. 

[Drawing 6] It is the perspective view showing the physical relationship of two wafer stages WSTl 
and WST2 of the gestalt of operation of drawing 5 , two reticle stages RSTl and RST2, and the 
projection optics PL 1 and the alignment systems 88A and 88B. 

[Drawing 7] It is the top view showing the configuration of the drive of the wafer stage of drawing 
5 . 

[Drawing 8] It is drawing for explaining a measurement value setup of the interferometer carried out 
in the gestalt of operation of the 2nd of this invention. 

[Drawing 9] It is drawing showing the outline configuration of a part of signal-processing system 
used for the interferometer systems of the gestalt of operation of the 2nd of this invention. 
[Drawing 10] It is drawing showing an example of signal processing in the interferometer systems of 
the gestalt of operation of the 2nd of this invention. 

[Drawing 1 1 ] It is the top view showing the condition that wafer exchange and the alignment 
sequence, and the exposure sequence are performed using two wafer stages WSTl and WST2. 
[Drawing 12J. It is drawing showing the condition of having switched with wafer exchange and the 
alignment sequence of drawing 1 1 , and the exposure sequence. 
[Description of Notations] 

MA, MB, MCI, MC2, MDl, MD2 - A reference mark, R, Rl, R2 - Reticle, RA, RB - A reticle 
alignment microscope, RST, RSTl, RST2 - Reticle stage, W, Wl, W2 - A wafer, WST, WSTl, 
WST2 - Wafer stage, 5 The stage for measurement, 7X1, 7X2, 7Y and 8Y, 15X1, 15X2, 15Y 
Laser interferometer, 10 [ ~ The stage for measurement, ] — A main control system, 1 1 ~ An image 
formation property operation system, 13 — A surface plate, 14 16 — A wafer ahgnment sensor, 26 — 
A phase comparator, 27 - Integrator, 28 [ - An alignment system, 90 / ~ Main control unit ] - 
Computation equipment, 38 A stage control unit, 83X1 to 83X5, 83Y1 to 83Y4, 87X2, 87X5, 
87Y1 to 87Y5 - An interferometer, 88A, 88B 
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^M(Dm^i^mm^^t<D^i(D-^m:^T-i^ (rs 

W7^^^^^<. ^(D-^:^^ (r) (t:)/^^ — >^|^^-t-5^o 

mi^nm'r^fz^^(D^'mmmm (6) ^ij(5o^2 

50 cOpIKj^-x — (5) -^(T)*.- ;^ ^ 
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[0 0 2 9] m^. *^0J(CJ:;5^3COR*3^S{1. 

y'-->^^mco-^<7)^S#:(7:>pTSbX7"-v^ (WSTI, ws 

T2) _htC^tL-etbS« (Wl, W2) ^«eL. ^(D 

[0 0 3 0] »f55-^*^PJCO»3COS7tgB{Cj:;}x«. 
■?:0^^(7)rI1!i>^"7"— (WSTI, WST2) (0[^C0 

— ;^co"^ii]:^v^ — (WSTI) T^^7ttl]f'^^tTV>^^;5^^ 
m(0^m:^'r-V' (WST2) -e(iSS(7)i^A«tti 

[0 0 3 1] m^. ifmmz.x.^%A(r>m,^^w\t. * 

^p^(7:)Xv^--v^^B<^. Sf^Tt^^ (PL) ^^{ix./t 
y^J' — V' (WST, 14) con 1 cOoJSf];^^^^^^ (WS 

T) _h(cstg (w) ^^SL. ||2co5rSj;^-r-v^ (1 

+4f+aiJ^g (2 0) ^gcBL. ^(Z^m co^lf];^^^-^::^ 

[0 0 3 2] ^;O^5*^0^cO|g4cO®7ti^g{^J:ti.«. 

(cJ:oT. -^(OHl cOpIS];^^— V? (WST) O/h^ 

{t:. gSft:^tTV vx/i/~:/^y hc7)[p]±$rEl5 c 

^^tt^f+ffl-r^/ca^t^^ltttffSlJ^S (2 0) li. glj(7) 
m2(D^W}:^'r-i^ (14) (c«:«t^tL5fdi6. M^iRP 

[0 0 3 3] m^. ^%m\^x^mi(Diim^^^m 

-^(7)lt#:(7:)^it):^-^ — v> (WST, 14) cop^co— 
oc7)nT»;^'r-v? (WST) :^5^<7:>l|iffl^^cot+aim 

t7)3f:^<:oS*(4g;^)^b(7)fig-rtii. Xf^^coS^^fig 
{c>P}-r5^S:i^^-^(7)m2ffl^^{;iJ:'9f+SyL. r.(Z)f+ 

i'J*§*^cs-:5v^T•^(7)^lsy:^^cof+aufi(7)MiE^^T9 
tti$(-fS:«^*^-et5c 
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[0 0 3 4] 7k\^. :^mm\cx^m2(DiiLm^^:^i^ 

^(Dm^CO-^Wj^^'r — iy (WSTI, WST 2) (D 

(D f s-^^ I ^ T n 1 m'^^mmr^^ ^^(D 
m2B\'&^(Dnwmm^'^t^^^h(Dxh^o 

5c 

[0 0 3 5] 

Ltih(DXh^. mi ft. *0iJcoS^il3tSg5:^U. 

-v-ffi (T®) (O;^ y :y g 

I L <^ LTfi:. K r F (jgft 248nm) . 
{^ArF (^ftl9 3nm) ^(7):!^:^ v--e if y 

AG U — ^f(7)fgp^, Xfl/K#I^>^:7°CD i ^ (SS3 6 
5nm) ^^M^ffl-C#5o .BSP^^ 1 F^cDpJ^r^lPf^ ^9 ^ 

{^ft. ^>'^^^^(l^g^f*(7)»jft5r^$S$fJ 
»-t-5o 

[0 0 3 6] l-^:^yl/R(7)-e«7)S7fe^ I L{dJ:5.B^.0^M 
«9 (EI 3 #.06) ^<D^<^->(Dm±. S^Tt^^PL 
^^LTSJ^f^^jS (i3(t. l/4f§. Xfil/5ft 

(wafer) W± <7) ;^ y >y V'^CDMitm^l 2{CSf^$n 
5o iky. SjK*^^PL(7)^ttAX(^^^f{-ZWSr^ 

r>ni/Nwco^^;^r^(-ii:^i-5#*s*[^ (sp^. mi 

[0 0 3 7] ^-f. l-^^/VRJi:. l/^^/VXy^ — ^/R 
ST_h(c*^eS#(cJ:oTtS:}f /vy^^-iy 
RSTfl. ¥?Tl^ffig$ttfc2*cD:;^f^ K4 ASt/4 B 

50 ;vy^v—iyKST tm^iL\z.:r.r—^r^) 
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[ 0 0 3 8 ] EI 3 fl. /V:^^ — i>RSTRmrm 

fflX-7^-^^5^^-r¥ffi|ll'efc<9. :icOia3i^:JoV^T. 

.IBib^n^i: 5 (-i-^^/^^x-v^R ST. >S:tJ^ft»Jffl 
::^'r—i^5^mm^tiX\^'^o ;^f-f K4A, 4B(7)ft$ 

M#.T?l>^(7)S5!p-x-->^;Kl 7C 1, 17C2;!>5@^$ 

ix, 7 c 1 , 1 7 c 2 i^^n-€n:ii!^:7t: 

(Z)i^y;t(^^-h^Mcos^^-^-^Mc 1 , Mc 2^mm.^ti 

TV^5o X*-^ — ^MCl, MC 2 t ^"^^ /\-R(DJWM 

[0 0 3 9] -f-LT. t+»Jffl;^-T— v>5±t^x:&f^(::*0 
^ iiSt^^^^ p L o u ^ ^ R jlij (7) X (O 

\\:Az.lEmz.mtr'^:L}iiy^X^^. ^/c. f+fflffl:^7^- 

v^sic^,. x^f^ {mvm-^j^) \z.t^-^^'m-mmx(n 
{tLWS^^mmi^m x. ^ r v ^ 6 1 ^ (c . t+ayffl ;^ ^ - 

5_ht;i. S*«6^x:^r^tci^tpJ;9!ci^(DS*-x'- 

^t^l7Dl, 17D2 1 7 

D 1 , 1 7 D 2 (^^n-?:ixr.i$fc^(7)1^Jx.tf+^M<7)** 
-r — ^MDl, MD 2;ii5^M$nTV^;5o S^-v — 
Dl, MD2 irlS^omil'^-^ IM^(7)fi£gM^t>^ 40 

[0 0 4 0] rtDJ: 5i-*^(|-e{l. S*te6fflcofffiJffl 

nxv^Tt^v^ ip^. i^^^/w;^-T-^>^R S T(l, 
fiix-tb{l^J:i^7'^2s6. i^f^^/Vv^^— i/R s T(7)/J^M^t:^ 
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y" — v^R S Tc7D^^3^;^{ir>ai/N::^y=- — v^cO/fe^jligcO 

z.(r>^^\^\%i^mx\xm\z.:^f^—':^ -J Vt^i^^<^ 

[0 0 4 1 ] ifc. :*f-r K4 A, 4 BtC>(^LT + Y;^[^ 
( ^ H/c U — if 1 7 Y b I-' ^ ^ /l^ 7" — R 
s T CO + Y (DfiiJffioo^iSM 2 4 Y {;i u-if t^'- 
mM^^. +x^r^t-^«^nf' 2tt(Z)i/— tFT#f+7 

X 1, 7X2;0^C) v^RST<7)+X;^fn]CO 
ftiJH03^il]^2 4X(CU-if t:'-A;55fip,lhf$n. I— if 
^#tf7Y, 7X1, 7X2{Cj:oTl^^^/l^;^7^ — 

RST(^xffiif. ymh. 22Li;^^iEi^:^^^^fta'j$tL. f+aj 
mm 1 (7)^sjtip^ 1 0 \z.m^^t\^. ^sow^ i o i^-^ 

t+ S'Hitt i - S V ^ T y T ^ — ^ ^ ^ ^ L T U ^ ^ 
^-v^RSTOi^jS-^fig^SiJ^-r^o ^Tt. K4 
A, 4 B{C>^LT-Y;^r^tct^g^tL/- l^ — if^#ff 8 
Y;0>f>t+fiyffl:^^-i^5(Z)-Yir[^OfflJ^(D^i(j«2 5 
Y U-if t'- A ;6^0S.|t $ l^-if ^*fh 8 Y i o 
Tf+PJ^n6f+ajffi:^^-i^5(7)YM11;6^^^Sy»^ 1 0 
(^f*^&$nrv^5o YfAc7)l/--!f^iM+7 Y^t/8 YCO 
TfettJi. ^n-etiY;^[^(ciSoTm0>«Mi^9cocf3.i:N 
■feS^3t^^PL(7)3fettAX^iiiiiLr*5i9. 1^-ifT 
^M+7 Y^tKS YJi, ^;rL^^n'^0#l/5^^/l-^-7" — v^R 

s T ^ m\m ffl 7^ - 5 jfex;^ ^ trm l t 

[0 0 4 2] u-^^^yi-;^^" — i^R ST(7)ii:5si-^ 

X, 2 4 Yir^^iLTt J:<> f+»Jffl^T-- 5 COfiSS 

5X, 2 5 Yi:^;^eLT^3J:V\ JE(-> ^^'J-efimid 

l-^::J^/WR(7)_h;^(C, u^^^^/WRJid^fM 

«g:^R A^tj^^RB;a^SB@^tLrv^6o ^ )\^r "7 ^ 
V-h^^ftRA, RB(7)<^ai4^'L>^il^ll:^ftXtt(cT' 

^) {:i >Pi-jS -f- 5 i-^ ^/^T^-r ^ > MifSMR A, RB 
5rfflV^T. g]3(c^-ri/^^/ixX7" — >^RST±(7)S* 

•V— ^MDl, MD 2(7:)&MSr<^Mi-5o 

[0 0 4 3] -^LT. ^^#'ffi^7:)t+»J0fi^. \y-f'^jv:A 
y^ — v^RST^ + Yzfe-r^df^jffi^-^T. S*«6;^Mi}^^ 

ib-f-^i:. ifT#ft7Xi, 1 X2i^^h(DV'—^\f 

:^y^ — iy5(D+Xjjl^(D^W}^2 5 XiZ^M^n^^ 0 
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RBICJ: f9S*1S6_b(7)£^-v— ^MD 1 , MD 2 

m KD^mm^ 1 0 it.^ mm-^—^Mui, md2 
#1+ 7X1, 7X2 (DtmM^^ti^^th v±y h-r^o 

TtJ:V\ 10 
[0 0 4 4] :L(Dmt. U—^^mi7 XI, 7 X 2 {C 

5 (DY:^[^(Di^Lmi^ U-'^'f-mi 8 Y iC J: o T^Sf i^^t 
±tS(7)J: 5 i-**-^— ^MD 1 , MD 2 Ofig-f :ft»^ 

i^— If T*f+7 XI, 7X2cDf+aijfit:*-?:ix-enm-r 20 

[0 0 4 51 — ttiy4^{-{l. v^R s 

T>^U— lf^^#t+7 XI, 7 X 2;0^b<^U— -^f b^'— W 
— v^R S T(7)^SbM2 4XiZ,mM^n^X 5 

^^/vr^-f p« V Mim^RA, RB^m^^Xl-^^/l^ 

— v^R S T±(7)X¥'e — ^MC 1 , MC2(7)fiLBT 

>c^f*(^. ;^)>oftt>/jN$ < /^^i: 9 (ci/5^^/wx^-v^R 
S T Lf-)K«T\ l^-if ^#1+ 7X1, 7 X 

v^R s T ^i«*fitl-F/fMc7){ia(:i{vLgi*:^i-5 r 
t^^^X^^o t^oT. U-1fT#ft7Xl, 7X2:6^^ 

[ 0 0 4 6 ] EI 1 , '^;n/^w^±^IEI;^^0'^3l/^7^^ 40 

bTx^rf^h Y^rrS](c^tl]g«E{;ittS$tiTv^5. 
Tx:^r^. Y*f^(;i^SiSffi{c#ffic7)|fs»JSK;i5{i;t?D 
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mtH^^7h^fhX\^^. 
[0 0 4 7] m2\^. '^ni/N;:^^ — v^WS T. RTJWm 

ffl;^T^-v^i 4^^-r¥ffiia-efe>9. rcogi2{^*DV^ 
\z.^^x^n^fh^^^—^-f)mjSL^f\^. rco^ffi^- 

i4cox;^rp!. y:^\^(d\1lW. Rt/[H]te^;^>SvMc?$Vz: 

[0 0 4 8] -^M(D^:r./^y^^^i/WST\^^ %it\Z^^- 

(^3iyNW(7:)J[£Mli) r>:iiyN;^^ 
— v^W S T (D{\LWt\M^ (D^^^ — ^ M A J^ic ^ tbfc 
S^¥-^-^;Kl 7 A^?55iSe$tLTl^^o S^-^-^IS 
17A±{C(i. u^>:^/vT^-r ^ >- hfflcT^Sap-e-:^' 

[0 0 4 9] ^/c. a 1 J: ^:x.y^W(Dry 

7< >- bfflco:^^ • v':^;^S-eH^^S;^^c7)r>:ii 

m^;^5**j^fl^ 1 op^cDT^^^ >^ 

i^WST±C0S*-^-^MA^C0{4e1^ttl^^T9o iP 

(*fex+«ay^^) \cniti.x\^^^o 

[0 0 5 0] ^f-. f+ayffl:^T- — i^l 4(7)^H(t. "^^^^^ 

i^^^ttrv^5. -^UT. ii2(^*3i^r. %\mm:^^— 

3t^^P L(iJ:5x y h^C^STtMi^l 2F^tr(7)Mit 
iM 9 . '^mm^mmm<r^:^ y :y b 2 l X, 2 1 Y;D5^^ 

i«$ti/^ay^«2 0. Rm^ww^tfi^m'^'^-^M. 

B;^^?fM^nf-S^-^-^Sl 7 B;i^^a^^tl.rv^^, 

i^^wmmz-wm^^x^ Eiic7)±©j»^i ocDisitsR 

[0 0 5 1] »j:^fe2 0(7)X$t(Z)X y :y h 2 1 X. RXI 
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CO;^ y :y h 2 1 X, 2 1 Y cT^^f-^t? 19 JC. Jgff^SS P 

ffiJ^. 2^a9:A:#^(i?fM$n5<!r*{::. 

[0 0 5 2] ^/t. ?|ij;^1fi2 0 (7)|£S|5c07fe«ir>^^(7)^^ 
Ohm-^fi[§] 1 (7)S^#ttM»^ 1 1 ^^tt^&^tiTV^5o 

3(DU=^^ MM(0$m\m >^ - 5 Ji(7)S*« 6 flg^J 
SyK2 o_b(7);=?. y 5/ h 2 1 X, 2 1 Y-e-?:ti-^*tvX;^ 
1 i-eti. 't(D^min^-^^mLx-^(omu^—^ im 

[0 0 5 3] 02 {;i*DV^r. t+Sijffl;^7^— i 4 

btLrv^5fi^.tti^- ^ 1 8. mWi^^^i^^ 19.^ 

t;^fiij;^S2 0 c7)J[S^(7)7tmir>'^^^(7:)ir^f-t^li, {pin 

tf?ayffi:=<^7"-v^l 4ic:i$^te3nTV^5/r^s6. r:7n:./>;>;^ 
-v?WST^/J^M^l::. ^»ft:T-#6<i^#t(-^ f+SiJfflOi? 

[0 0 5 4] ^/c, :^^i 3{^*tLT + Y^[^{;iiS:«^ 
ntlU—^=f^tfl 5 Y;^^^ — v'WS TCO + 

-x;^[^{cKe^n/t 2WC0 1— ^fTr^ft 1 5 X 

1, 1 5 X 27i>^b^7:ji/NX7"— v^WST(^-X;^[B](7){RlJ 
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B(^^t!}^2 2 x(ci/-if t-'-iN^i^B^M^tb. w-if^ 
?$ftl5Y, 15X1, 1 5X2lZX-DX^:^^^:^'r — 

S'jffi/^^H 1 (D^mm^ 1 0 icm'^^ti. ±mm^^ i o 

-v^l 4(7)ffilJ®{Ct,X#(7)#»]^2 3 X. &r/YW(7)^ 
a«2 3 Y;^>Si'9MttbtbTV^^o ^c£:^o. ry:r.^^y^^ — 

10 ^#K^2 2 X, 2 2 Yc^^/^Urt i< . |p]1ti-tfi'J 

4(Dftyffi(Z)^E^#llj^2 3X, 2 3Y<b 

[0 0 5 5] ^LT. ^7t7t(^A*f^^>/W^^-^(Of+ffly 
^ — 1 4CO^i!]^2 3 X, 2 3 Yt^fiSM^n^o 124 

v^wsT. &t/t+iyfflxx— v^i 4coias«7)— ^j^^ 

bBinfc:fS:E(-#3SS-ttr. ^TfeMJ^i 2{c;^^^^;5<t 5 
20 {z,$mm:^'r-i^l 4^^mir^t. iz-if^^ffl 5 
XI, 15X2, 1 5 Y^S^t.c/:)!/— if t''— r>3i/N 

Xv^ — v^WS Tc7)^lf]^2 2 X, 2 2 Y ?:)^tLTt+9Jj 

9l^^<^^o :i<Dt^\c. 1 4±c>S*-^ 

— ^MB;^^. EI 1 (Or>:3iyNr^-r ^ h-fe^--^ 1 6 CO^^ 
i?l 6 af^(cA5J:9lcf+SJJffl:^-x — v^l 4^#ffi]L 
;6^o2W(;)Xtocoi— if^i^f+1 5X 1, 15X2 

cDtfayfit75Sf^-coj[tc^?i5J:9(c. tfayffl::^7^-v^i 4 

30 /?)^^(7)figT^4^itai-r5o ^LT. ^$ijtfl^io 

(1. ^KT^fiBTtLmcOX/^^i-. ^O^Y/^fe^^-t^X^^tbl- 
-if^^fff 15X1, 15X2. S.t/l^-if^#f+ 1 5 

YcDf+»KiS(c::7°y ir:y bi-^o rcof^fl. u--^f^?#f+ 
15X1, 15X2, 1 5 YicJ; ^^SStt^Wi-^t^ffi. 

-eiS)ftSf-f+ayffl:^-7"— v^i 4(DfiB;6^H+ay$n. 
[0 0 5 6] — m^ma-t. m 2 ic^-rx 5 it 

40 ayffl^^^-x— >^ 1 4 ^^j^^itT. v?WS T 

(D^m^2 2X, 2 2 Y{::i— if^#f+l 5 X 1 , 15 
X2, 1 5Y:^^h(DU-^]:::-J:.^>m^^tl^X 9 L 

taa^i 6 a p^id^tbbr. if ^^#1+ 1 5 x i , 15 

x2(DtmM^-^^'^ti'^'mx\ mm-^-^MACDiiL 

15X1, 15X2, 1 5 Y(7)ffSyjit60:/'y ir:y h^tT 
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mm^^ ^ 5 7t ^ . u—-^ A ^mM ^ n.x ^^ks 
[0 0 5 7] mii^^m^. ^m^'d^h^'/jK Sf^^t'^^ 

Sf^3t^^PLtc>^i-5K^7ti Lc^AttTta^tfay-r 

7t»^t+S'J-r^fc^^:)^^. HI 1 (c^3V^-r. i-'f-^/i-;^^"— 

^'Jx-{^+Y:;^r^(c#3gL. f+ffly^;^-7^->^ i 4;i^iSf^3fe 
1^. ±tB(7:) J: 9 d -^f ^?#^f+ 15X1, 15X2, 1 

1 4±(7).BS|ti^::^^ 1 8 CDS^ffi^^^M^tM^ 1 2 

[0 0 5 8] 1 0-ej^. "tmvm^tifz^m^ 

Tt#bn5f+syffit3^^#t4^/t»^ 1 1 (c#fc^t&^nT:j^ 

1 iTil. 2ooffaijf[t{-s-^v^ 

1 [^T^^^^n^Tti/O^bSf^^^^PL 

ffl:^^-v^l 4fiK7t^J«l 2;0>^gt;^f-fig{C#ig 

— i^WSTi^^^Ttfl^El 2(Cf^;^^oT^ 

fl. l2 4(C7F-rJ: l^— ifi^?^^f+ 1 5 Y, 15X 

J: o T>fiZ:B»J^»75^T:b^^Tl ^ 
[0 0 5 9] LT. l+fflOffi^T^-v? 1 4 ^^TtM*^ 1 
2;^^6,f#3®^-l^T. '^7:3iyN^-7=— v^WST^^Tt^^l 
2(::^^;^^>6{4tt{-^i!i^i^T. ±tB(7) J: 5 i- 
f+15Y, 15X1, 15X2 mV&m(Oy'' V^y 
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^<:^:5^-^ 0 1 v^R s T^-IEft-f^ w 

10 [0 0 6 0]7i:{C. '^^/>T^-f 7^ >^ hirV-f- 1 6 

^^TtBft^fi:. EI 1 \-^\^X. I LcoBSP^flJ^g 

20 Tu^^/WR:^5 + Y:*rr^ (Xfi-Y:*r^) t^iSi^vR-^^ 

:^-7" — v^WS T^^LT f^^/>W;0^-X;^rn] (Xfl+X 

WM.'&Q * VR (iSfmt^ft'^) 
[0 0 6 1] S/b. S^^iCfi, 1^Jx.«.BS.P>^^lP^l:'^ 

TfeTt I \^t^h'i^^\^fz.^±^(D^±^i)-%m\m^f\^xmm. 

1 1 1 1 -Cil. 

Wi^^^^itmmY&m. Rn^^i^^x^^w^\^m 

-:5v^TS.^7t^^PL(cA#t-r6K3t3feI L(7)5fe»?:»: 

mu. ^Tt^t I LcOPgiR{^J:oTI§^-r5Sf^3fe'¥^^P 

4^f+»L. rcof+»*£m^^SJ^^ 1 0(:iW*&-r^o 

^^jffl^ 1 0 x\±. mx.\m.%it^^ p L p^cogFf^t^ u 

[0 0 6 2] J^_h;0^. ii^coSTt-efe^;^)^. *1^'JoSf^ 
{i. t+»Ji^x^->?l 4^^7tMi^l 2fiJ('^»)Lrft 

»j^tT5o M3feM^i 2P^o.Bs^i^^tt^ay:e 

-t^t^n.. l^^^^/l^R^U^^/w;^^^ — v^RST;6^^ 
40 ^V^T'if^. |El4lcj^V^r. fi^.Stf ^j-ferV-lM 9 *S)tffi 
i^l 2rtr*X.;^[^. Y:&r^icm»L:^e;!i^e),BfJ«^^^f+ 

[0 0 6 3] v^fiyofhjsyfflx^- 
v^s, St>*'>^/^:^x-i^fty^J0tf^Byffl;^7^-v?l 4?rffl 

v^r. Sf^7t'^^PL(7:>|&#Sfj:^^PJ^-r51i!]f^(^o# 

RSTf^+Y^f^^^^#^gLT. t+ay^;^^— v^5_h<7)S 
*ffi6 75\Be0^^i^9F^(c^»i-r^, rco^#, ftay^;^ 

x-v?5ic{^|^*S;^^(7:)U— lP-F#ft7X 1, 7X2 
50 ^>h<DU—^\f—M.hmM^ri^Xo\^^j:V. u^^/V' 
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7 X 1 , 7X2, "^xmYmm^^^ 
[0 0 6 4] :L<Dt^\^. m^mmv.tz.x.o\^. 

P L^^LTSf^^n^o rco:KtjT:\ [Il4{::*^V^r. 

J: ^ . m^mmw^ 1 1 m^^^^. p lct^k 

P L ^ «:iE-r § c 20 

[0 0 6 5] ^J.±(DX 5 *WcDS^®3fe3SSr-(i. 

^^rcy^Tv-r ;^ hir^-^ 1 6 J: oTS^-e — 

— if i^#ft 1 5 X 1 , 15X2, 1 5 YO^^y ir:y ht: 
noti^. if ^#1+ 1 5 X 1 , 15X2, 15Y(^ 

J: 19 r>:nyN::^5"-~i;^wS T. Xl^f+SO^:^^ — 1 4 CO 

l^^<5'/vr^><^ >- h^^S^RA, RB 

{CX^ ^m-^ — ^MC 1 , MC2XJiMDl, MD2(7:) 
fiB^l^mLT. U—^^mf7 XI , 7X2(7:>V±y 30 
b^^tt9:ii:(Cj;D. — v^R S T. Xlt 

[0 0 6 6] *^0^CO^2(7)^^(7)m^(^O^[lI 
5-iai 2^#0SbTfA0^i-^o 

Oi^myNWl, W2^-^ix-€ixi^i^Lr?4lAZ:L-C2|$fc^ 40 

— v^wsTl, ws T 2 ^flx./c;^v^-v^^g. rcT);^ 
7^-^^Sg(/)±*l;iSaM$ixf::Sf^7t^^P L 1 . 

3fe^^PL 1 (7)_h:*-e-^X:5^ ^ bTOU^^/WR 1X(^ 

R2 (E16#B^J ^^^(7)^S^fp](-,|gt!]-f ^ Uf^^/lx 
U^^/VRl, R 2^_b;fe^;^^b.B80^t-^M0>^ 

i^T. S:i$3t^^P L 1 co^fettAX 1 i;i^fT{cztt^5i 

|l|5(7)?^£tB(;iSiE{CY$i^Sto-Cia?^-r^c *1?'J-X:i^. 50 
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[0 0 6 7] ^T. :^x-v^^eJl. -<-;^S8 6±i;i 

Y ;^ fp| L T#t!] g ft 2 o (D :3i ;^ 7" — >?W S 

Tl, WST2<t:. — v'WS T 1 , 

WS T 2 -^WM-f^ xyzr.,^'7.^^i/Wm^. 8 1 . 
my^:;^v^-v^WS T 1 , W S T 2 (T^fifi^f+SlJt-^^* 

[0 0 6 8] blCf^aii-^^. r>:n/>;??.x-i^ 

WSTl, WS T 2 cDJ[&ffiJCfi^Iil^CO::iir^^°:y K (^d 

e7:3i/N;:^7"--v/WS T 1 , W S T 2 fl^— 8 6 _h(^ 
[0 0 6 9] HTfi, v^WST 1, WST 

2o:>mmMm^^\.. ccDHrtc^oV^r. :^^8 6 

Ji^CJl. X**f^[^Ml/5 2*(7)X#y ::^T;^/V K9 5 
A, 9 5 B^iJ^^tfi^^tt btLTV^^o Xtty::^T:^VK 
9 5 A, 9 5 BtCfp^oT^tX-^'tiy ^r^— ^fflcO im 

K9 5 A:S:t^^9 5 B {^?fto r#»] g ffi(--^tL-^^tt 2 ocD 
#tta5tt-9 3A, 9 3 C&D^^2 0(7^^S]m't 9 3 B, 9 

3D/5'^Si^9{^■^t^^^TV^5o 4 0(7)^f()gl5W9 3 

A'-9 3Dc7>J[g®^t;iJi;, X|4 y K 9 5 AXfi: 

9 5 '&^\L-^mim'^t^hmt^^o\^^m^^(DmM\^4 

<>X#y ^r;^f-f K9 5 AXfl9 5 B^(::J:oT. 

lija5W9 3 A- 9 3 D^X:^[^{^.|gil]-r5i^--t^ V^^^^ 

T\ «TcoiAP^-e{i. isi:_b. m?>co#i!jm^9 3 A 

[0 0 7 0] ^(Z)f^ 20(Z)Xffty ::^T^— ^ 9 3 A, 9 
3B{i. Y;^[^(cMt5^Yliy ::^r;^V K9 4 A(7)f^ffi 
(^iSttfctV. ^^^9 20(75X#y ^T^ — ^ 9 3 C, 9 3 
Dt. Y;^f^(c|£t;?^Ytty ^r:^'-r K9 4 B(7)f^«i;i 
ia^^ttTV^6o Ytty ^r:^V K9 4 A, 9 4B{^fl 
■^iX-^""tlYirr^f-»oT y ^r^-^^CO lffi(7).iES]:n 

/V;6^H:S$nTV^^o t/^oT. Y$4 y ::^T:^f^ K 9 4 

Afi. xtty ^i^r^— ^ 9 3 A, 9 3 Bt;iJ:o-rxtty 

::^T;^V K9 5 A, 9 5 B l^ft o T X;^rnI{-.IEt!3 $ tL. 
Ytty ::^T:^V K9 4 Bil. Xtt y :=:.T^ — ^ 9 3 C , 
9 3DlCj:oTXtty :=-T;^f^ K9 5 A, 9 5 Bl^»o 
TX;^f^(cSg»)$tb5. 

[0 0 7 1 ]—:^, — >?WS T 1 (DJSfPf^ 

^V^^^i: Ytty ::^T;^f-r K9 4 Ai:(3:J:oT'?^/>;^-7^ 
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mil 
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[0 0 7 2] IP-^. *1^'J-e(l. ±j^l.tzXmV ^T^4 
K95A, 95B. XWU ::^T^— ^ 9 3 A— 9 3D, 
YWy ^TM4 K 9 4 A, 9 4 B hi/n;:^ 7" — v^W 
STl, WST 2(D&^(D^m^(DMlKM^^ii^<^o 

— v^WS T 1 , WST 2 St^SaILTXY 

[0 0 7 31 /^:^o, Y# y ::^r K 9 4 AcDplSiC^ 
bttfc— >Ct(7)X#y ^r^ — ^ 9 3 A, 9 3B(Oti;^ 

ST i{^^<>/^3— rv^'^^^^it/--^). [^^i-^^ 
^l^^fg^^^^^o mmi^. -^f^coxtty 3=Lr^-^ 9 3 
c, 9 3D(ott;^t^^^^>^;^^^T^^t;^it6::<^'t:\ 20 
i>myN;^7"-i;?WS T 2 (c^g[{i-V^a->r 

WSTl, WST2_bt^(l. ^B17]^<7)'>^/n;^/^^^^^^ 
[0 0 7 4] ^fc. '^^^^><.'7" — v^WST 1 (7)-X:fe^fp] 

4x, 8 4Y memm) t^^-DX^^. iwiisic. 30 

/^;:^7"--•ixWS T 2 i7)+X:^[R]&t/+ Y;^fplCO{IiJB{^. 
Mffitt_htf;65 7^^^tLfcS#tffi8 5X, 8 5Ycb?ioTV^ 

^#1+;^^ ^ w-if - A J: «9 ^ t+a'J - A 9 2 X 2 , 
9 2X5, 9 2 Y 1 --9 2 Y;a'^iS:JW$^X. ^(DS.kiyt^ 

^u—^^^m$fx^^-r^^ticx^j. ^Rmm(Dmm 

ws T 2 (/:) 2 7>:^fiLM;^^^'^^-?^tif+aj J; 5 t-^c^ o 
[0 0 7 5] Bl 5 ^;l4b^V^T. gf^Tt*^ P L 1 ^ LT 

mx.\^i / ^^^^^mm%^^m^m^fhx\^ 
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y-T^^y:^ (off-axis) :fe-^(7)T^^^ >^ h^B 8 

A, 8 8 B;^^^. K:f^3t^^P L 1 (Z)7t$ftAX 1 

-f^>-h^88A, 8 8 Bll. X y h^^OU— if tf— 

A^-fflV^^LSA (Laser StepAlignment) 

S;^^c7)F I A ( Field Image Alignment) 0'fjx.(i 

(Laser InterferometricAlignment ) ^<7)3tt^OT 

^&t/"J^^^^±<7)T^-r ^ h-^— ^<7)2iSfc^;^r^ 
(x*rr^&t/Y;^f^) (7)figt+aiJ^tf 9:i^;05-e#5o 

<D{tLm.^^^ \^X '>^^^^:OtSPI&{^Lal+S^J^^t 9 V ^:b^^5 

5o 

[0 0 7 6] rO;^^, — ;^(7)r^-f ^ h^8 8 A 

fc. ftii:;^(;:»r 7« >- 8 8 Bfl. r^jny^;^^" — v^W 
S T 2±t;i(^i^^ix/t^7rcyNW2_h(7)T^-f 7< > h"^ — 

8 8 A. 8 8 B^tft;7S;-r5#r ^-f ;^ > hir^-^^^^^T) 

^-r ^ >^ hSiJtflaga8 o-eji#t^&^ix/c^uit^^A/ 
m/5^^$'j»^S9 o(^iiif.n. ^M#P^e9 o;6>b^(7) 

1tm*£*(^iS:^i:T;^^-v>SiJ»^e3 8 

[0 0 7 7] ^f^. EI^'Wl8SLf^/if^\ Sf^Tfe^^PL 
1. ^^U^r^-f;^ >^ h^8 8 A, 8 8 BO-^n-eni- 
(i, r>:3iy>Wl (XJ1W2) (7)S*ffiCO-<>?: h:7>J- — :;^7 

it-ti:^/^-v^^^)y^^%\mmm {^xy. tap/ 

^P L 1 (?5AF/AL^^ LTil. \^^^^^^K^^^ 
<D^^K¥lhm^m^i\.X\i^^. ^LT. T^-f^>^h 
^8 8 A, 8 8 B(C^f^1l|/c^AF/AL^;0^^tt ^ixT 
V^^o EP-^. *:0iJl:i^. mmo^^y'y i^ — ti y^^(D^)^ 
tCffl b^xa A F/A ^ {5(^[^-COtfS'Jffl«t->Pt L 

mz-x.-^xi^^^\f- j^i^m^x^ ^m^f^hf^-^x^^ 

m^m&x^mm^ry ^^^v-^-^ (oiiLmMmi^rr b 
zttj^^x^^o i^nrtiit. m%mtry4 /yh^^t 
(Dmx\ y^^-iy(Dm^iz^^^y^y h mm.) 
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[0 0 7 8] 7X1^. l^^^/l--|g»^^1t{CoV^T. 115^ 
f^CDl/^^/l/;^^" — i/RST 1, R ST 2 ^.IMlb-r^^ 

la^coy ^T^— ^ rn^t^i^^i^v^i/^x— v^R s 
T 1 , R s T 2 o{4B5r^Si-6 i/^^/^T#tf*>^;^x 

[0 0 7 9] ^tL^Mi:if¥aii-5^. Bietc^^n^J: 
51^. >?R ST 1, RST2{i 

tb. u-^^7i-;^7^-v?,sg»j<n#8 1 R m5^m) 

-efc^o — >?R S T 1 , RST 

2_bcDl/^^/VR 1 , R 2/5^^J^{f-a®7ttO^{-31fi^ 
S^l-i5Kffl^n. {pJttCOl^^^/WR 1 , R2{;iov^Tt^ 

-So 

[0 0 8 0] rti^t?^ 1/^:^/1^ >^ — v^R S T 1 , RS 
T2±:(^{i. +X:fj\^(DmmK. U^^/V>^-r--v^RS 

Tl, R ST 2 c^fRjClgW a^'Jx.if-fe^ ^ :y ^X^) 
^iTic^^tt^B 2 A, 8 2 B;6^-^n'-etl.Y^[^{:iMf^^ 
nX^V. ^H^(7)^i)fjtt8 2 A, 8 2 B<7)+X;^fp]Cr) 

V^5) 8 3 X 1 — 8 3 X 57!)^^ t^^-i^i ^9 /^5f+ 

ayt^^— A QIXI'-QIXS ;^\BS|t^ix. =FmiS 3 X 

1-83X5 xi^^(DRmyt^^^Lxpjj'^(Dmmmc 

v^RSTl, KST 2(DXi7{^(Di^LW^iW\l^X\^^^o 
:L^X\ "f-mtiS 3X3;^>hmm\^^—M.9 1 X 3 (i. 

2*COf+aiJt' -A^>ft-Lr:^o(9. ^ tl. ^(7) 2 0(7)t+aiJfi 

J; 19 l^^^/l-:^-r- — v^R S T 1 , R S T 2 (DX:fj\^(Di\L 
SitB — O^m (Z#(7)[H]i9 0[E]te^) t^nW\-t^ 

[0 0 8 1 ] :^mxn. f+SJjt:''— i^ QIXI'-QIXS 

(DYjj\^(Dmmi^. ^f/]M8 2A, 8 2 Bc7:>Y:;^f^(;)i|JS 

J: ^9 t3M<IS^^nT*3«9. ::n{3:J;oT^i!j^8 2 

A, 8 2 B|;i(^^^fpm7i)^<:Of+jaiJh^"-A9 1 X 1 

X 5;?)\9^.#t^nTv^5o ^fc. ^^m.^xm^-t^ 2^ 
m+m^^-^ (f^jx.fs 9 1 X 1 , 9 1X2) 

W}m ({^iJ;ttf8 2B) {::mmm^^ti^X^l^^J:K^. 
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::<7):|^ffi^>pfrt;:i"5^?#f+8 3X 1, 8 3 x 2 ;5^g|55>S^ 

(-ftffliaH^aiS brio's i: ^?^c^-1-:i cJr^^^-C# -60 
(-J:oT. t^a!cOj; 5{-^?#f+8 3 X 1 — 8 3 X4(7)ft 

mmmwj:k^m+ 83X2-83X5 mmmi^m'mm 

{C^^.m-r^tt^X^^, ^#tf8 3X 1-8 3X5(50 

h(Dnmm^^^^^X::^'r—i^Bm^9:S Sit. '^7:x./^ 
v^WSTl, WST 2 t(DmM^^%:MlE-t^ti 

10 v^R s T 1 , R s T 2 co[H]te$iJM'^x;^fB)(;o{4 

[0 0 8 2] llI6{C:}oV^T. H 1 o u^^/v;:^^' 

-v?R s T 1 (D^^:lf\^{cr^-:>fz-Y:^\^(D^^mat. 

—M(^^W}mt l^X(D:n-^^^^^^y^8 9 A, 8 9 B 
-^^^mSl^tiX^^^o ^LT. — >s^(7)^Wwn;^;^^coT 
*f+ (^H^) f)^^. ^ne>t^='— :^^8 9 
A, 8 9B(C>EtLT. ■^n^^tt2:*:<7)U'— if t^'— A J: «9 

^j:^Bfm^^—j^ mexit. i^mwi^^—j^xixmi. 

TV^^) 9 1Y1, 9 1Y2^>mM^^. ^(D^m^<D 
20 c7)T#ft{^ i o r BFf^(^S^Elc^ LT u-^ ^ /w:^ 
^-v^R ST 1 (DY;^[^(7)t@>^^fi:;5>f+PJ^n5o ^ 
fd. ^2(7)U^^/VX^ — v^R ST 2<7) + Y;^[R](OSa5 
(-t^ -'>ct(7)::3— a^^ — -y^^B 9 C, 8 9D;6^f5H$ 
tl. ^>Ftc0^-7VWNy!.:^sCC0^#f+8 3 Y 3, 8 3Y4 
^^^::tLb(7^:=^— y^^8 9 C, 8 9 DiCl^LT 
t+fflt^'-A9 1 Y3, 9 1Y4 (^[^iC(t^n-?^^tL2:^ 

a^u—^i^'—M^X^fj:^) tmM^ti. ^?$f+8 3Y 
3, 8 3 Y4(;ij:oT^tt^*tii-'^^/^;^-r— v^RST 

2(DYi3\^(D m^Lt^^ ft ay ^ tl T I ^ 5 o 
30 [0 0 8 3] ^tlh(D^''://Uy<:^Jj^(D^'^Mi(DtiMi^ 
lll5(7)X^->?Sy»gg3 8{C#t|^$tl. ^(7)t+»J 

{^£^-Xov^Tl/^^/w;^7^— v^RST 1, rst2oy 

91X1 — 91X5 ^W-t"^T#f+8 3X1 — 83X5 
^ . f+Sy t^^'-i^ 91Y1, 91Y2 RmWl t^'— A 9 1 
Y 3 , 9 1 Y 4 ^^-t^ 2 >^(7)^y^VW^;;^:fe'^(0^^f+ 

^tlTl/^^. ^c^:^^. ^#1+8 3 X 1 — 8 3 X 5 5^^ 
{iT^#tf8 3T-^$^X. ^Kj^S 2 A, 8 2 B^r/ti-iiiy 
40 91X1 — 91X5 75>-^tl-€tl|lI 5 Xlt.^W}M, 8 

2:5:o^f+afjt:^^-A9 1 x-e*$tiTv^§o 

[0 0 8 4] Kkl^. '>31/n;:^7" — v^WS T 1 , WST2 
(7D{4B^Wili"5T^#ti-v^;^^-^i-ol^Tia 5— g| 7 ^ 

L 1 (7:)St^#co4^^L^ (3feWAXi) r^^ 7^>^ 

h^8 8 A, 8 8 B(D^tl^^tl(7:>^a^^^L^t^m^ X$b 

{-ipf^/^$j(-^ftoT. v^wsT 1 60-x:^ 

r^cOfflffi(7)Rltffi8 4Xl^fl, ^#1+8 7 X 2^^6) 3tt 

l^--^f t^^- A J; t9 5 ftS'J 9 2 X 2 mM S tl 

50 TV^5o '?:3l/^:?;7^^i;^WS T 2 (7)+X:^[o](D 
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-^f t^'— AJ: ^ f^^trm"^^—^ 9 2 X 5;0^^^st^$^TV^ 
^?#t+8 7 X 2, 8 7 X 5 -Ci^i-^n^^T^SMTtSrS 

[0 0 8 5] ^(Dm^. m^i^^-t^oiz.^ wm^^--^ 

9 2 X 2:S:tJ<9 2 X 5 f^. ^t\.^i\mAz.miL\z.mtLf{ 
SiJ^tT9 r 3tt(7)i — if tr — i.-e$)'5fc:2s?). 

>£tiS-r^T*t1-8 7X2, 8 7X5fl. ^n-€tb^7:3i/> 

— v^WS T 1 , WS T 2 (Z)X;^fRlO{iLe^f+aiJ-r5 10 

ST i^t^wsT 2f-fi. me {^^i-J: 5 (--etL-en"? 
:Il/^wl^tKW2coz;^^^-^coelc/J«Sb. fS#4:^<7),iiz 

®8 4X, 8 5 X J: «9 tf&V^a^a^iCfe^o t^oT. 

/^W1, W2(7)^/Wh:^$IJ^, >S.t/3-^>^>/^fflp(;0 20 

m(DmW]m^^X. rtL^>60^#f+8 7 X 2, 8 7 X5 

[0 0 8 6] fi:^^ Xtt(7:>t+fflt^ — 9 2 X 2, 9 2X 
5{^. r>rcyN;:^'7=— v^WST 1, W S T 2 cO#Kl*5H<^ 

^J^"e^(C">ri:./N;^X--v^WS T 1 , WST2C7)S#^S 
8 4X, 8 5 X(;ifist^^ti5 J: 9{C7:^orV^5o fi^o 
X^f^{;loV^Tf^. SfiT^^^P L 1 ^^V^fc^3t 
Xlir^-r ;^ >- h^8 8 A, 8 8 Bt7)iJffl^#Ofpr 
t). — v'WS T 1 , WST2(7)X 

:^|R](7)f4B{lf+^iiJe^— A 92X2, 92X5 ^fflV^Ttft 30 

[0 0 8 7] ^tL^ Bl6&tFEl7(C^i-J: 

v^v"— v^WSTl, WST 2c7) + Y;^Fp](7)ffliJ®;a^^^t!j^ 
^ L-C(DKMffi8 4 Y23lI>^8 5 Y(C^JPX^tLT*D^9 . S 

i^Tt^^P L 1 (7)^#AX 1 ^^(9 YtttcT-tf/c^t+ay t^^ 

— A9 2 Y3;6^^?i^f+8 7Y3;^^^S#*S8 4 Y, 8 5 

Y(C.0Stt^tLTl^5c ^f-. r^^^Vf^8 8A, 8 

8 B CO ^ ;^ CO m 4^ > L> ^ ii ^9 Y ( c ^ tT 1+ ay t:^ - 

i^9 2Yl, 9 2 Y 5 ?r^n-?^n*-r^^»f+8 7 Y 
1, 8 7Y5 t,i^ttbnTl^6o *«?iJO^^. 40 
L 1 *fflV^/cM7t0#COr>:ii/N;^7" — i^WS T 1 , W 

ST 2(:OY;^fp|cDf4gf+ay{C(l. f+ayt^^-i^9 2 YS^ 
RFO^#ft8 7 Y scoftsyffi/^^fflv^^n. r^>r;^>h 

^8 8 A. X(±8 8 Bc0^^fflH^^7)^>^/^;^•x — i/WST 

1. X(1WST 2(DY:&r^(7:)f4gf+ay{^{i. ^ti^^T- 

#f+8 7 Y 1X1^8 7 Y 5c7)H+ayfi;i)^^/lV^bix6o 
[0 0 8 8] t^oT. ^ffiffl^f4^(-J:t9. Ytt<7)T#t+ 
87Y1, 87Y3, 8 7 Y 5 (Of+iy fc^^— A;^^ ^7:Ily^>^ 
-r-v^WST 1, WST2COS:ltffi8 4 Y, 8 5 Y i ^} 
^J^tb^^-g^^^^fc-So ^(Dfz.^^ :^mX[±. ^#1+8 7 X 50 
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iS.t/8 7 Y 3corB^{;iYtt(;iW?'ceftayif— iN9 2 Y2 

^5toT#f+8 7 Y 2^^it. T^#f+8 7 Y 3^U^^8 7 
Y 5 <7)Pp1(C YttiC^tf ^.^f+ay 9 2 Y 4 ^j^O^# 

ff 8 7 Y4^1^{t^r tlCj; «9. 'J^:Il^^;:^7"-v?WST 
1, WST2(7)Sttffi8 4 Y, 8 5 Yt^^Bt. ^V.?< ^ 

Tv^6o :i(07ti6i^. L-C(OR|^ffi8 4 Y&t/ 

8 5 Y(7)X;^[^(Oi|iiSrDX 1 f+aOt'— A9 2 

Yl, 92Y2, 9 2 Y 50OX;^|R]CDrB^PiDX 2^ 

iHDX 1 J: «9 ^^<^^LTvn;5o :i(D'i^^. f+Syt:^'- 

i^92Yl~92Y5 ^(DW^'t'^ 2^(Dt\m\^^— ^f)^ 
mm^KMmsAY, 8 5 Y±t^.BH#t$H^#^;5>i^l^T 

it!co J: 5 {-^<0)K1IT^|| 1 (OT#f+;0^?.m 2 (Z)^?#t^ 

f+ayffi(og{t«L^^toTl^ao ^tit-j:o-c. 

— v^WSTl, WST 2{lY:fe'fp]{Cjot^Tt3^ iSv^ 

[0 0 8 9] /^:io. Y^r^(o{iLef+ayffl<7:>f+ayt:^'--^9 

2Y1, 92Y3, 9 2Y ^f\.^thZ^\^[cmfh 

xmmz.iiLmm\^n 5 r ^ t^x^ 5 2 *ft(o u-if t^-- 

AJ: 19 >(tjS:-r^^^M+8 7 Y 1 , 8 7Y3, 

8 7 Y 5 f-i, ^tL-€m+ay>(+^cosit® S 4 Y, 8 5 Y 
coY:^f^(Of4gcofi!i(;i. x$a(0[nl 19 (OfbI#4^ (^/u- b 
^) (Oftaytff5wi:;65-e#;5o *^yTfl. ^j^f+8 7 

X 2, 8 7 X 5, 8 7 Y 1 8 7 Y 5 (7:)^f+7 0(7:>^# 
f+iCj;oT. ^>rQ/^X7" — v^WS T 1 , W S T 2 (O 2 

(offiii^u g ^ mm-r ^ x?#f+ >^ ;^ x a $ v ^ 

1, WS T 2 (Of^(0— ^VX^^^tLTV^ 

#;^>?iv^ J: 5 #^*tf-^ottay^^a^cs<5v^T;^v^-v^ 

SJW^asS:^^ 'j7n:./N;p^^ — ^/WS T 1 , WST2CO 

[0 0 9 0] *1^ycose^^^s^/$y^ip^(cov^T. 
El5(:IS-^v^Tt^.^^"t-^o 5 {:i:jov^T. mitim.x^ 

5KrF. ArF. Xf^F, ^(D^^^y'^ U—^%m.t 
(MTfete^) i '9/=^53ti!^.SP4 O/iJ^btt 
ttl$^X7t^^/i-;=^i^-if7tJ:'9?t?^S7fe7tfi. i^-ry^A 
2^®i@iLf-^. ^ ^ — 4 4(cJ: i9{Mf^^tLr. if-A 

jn:^X/N>-^^^4 6, 4 8 (CJ: ^9ig^^^=^ t^^--i^^i-S?f$$ 

tL. ^ 1 :7^^r-i' ix>^X5 o(^At+i-6o ^(Dmiy 

2. «i!j^^-54. U-:/X'5 6^^UT||2:7^^T 

^ 1-VX5 8 {^A*l-i-5o r:co||2 :7^-r r-Y 1/VX5 

8 J: '9#+m^tL/t®7t3t{i. UVXeo^rfeT. U^^^ 
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[0 0 9 1] m^. ^m(r)mmm^. mm±i^^mm^ 

mW:7on^ u^^/^^Rl t^^y^wi t<DmmM^^^^ 

[0 0 9 2] CCT)^. Xv^ — v^$IJ^3g«3 8{3:J: t). * 

*J«Sfi9 0(Dm^l^}^^\:^Xl-^^^\-K 1 t '>rn/^w 

1. iP^u^^yv;^7"--v^R ST 1 i: — v^w 

ST 1 t(Dmmi^^ (Tt^mm) ^-mth^n^. :i<Dm 

C0$Vm^^—^9 2Y3, 9 2 X 2&t/V^^/VXv" — 
m(D'f-llM+^^^'rJ>^(D$+Wi^^—J^ 91Y1, 91Y2, 
9 1X3 (Df+S'Jfil^^^^ Loo, ;^y^-v?$iJt»3gB 3 
8 J: or :^ -7" — 8 IW. — 

[0 0 9 3] -^LT. v^R ST 1, WST1;6> 

m'&<Dmmmmui^xi^mmmit^mmitti.x. 

^^rimmj^mm^rifzm.^.x\ m^mmmmm 7 ox 

<5oM0j^«iA (Ei6#.H?.) ^(^mmmm 

^7^/^Wlil^^Sf^K7t^nSo :::ir\ me^^hhm 

PJ^l:^ I A(DM^ij\^(Dfmi^'^< > l-=f-^ /l-R 1 t 

it(Dmic. m^Mmmmm7 oi-^. ^^-mmmm7 s 

{^m^\^xmW}^'7—5 4^mW]^^^:itx\ 2^(d 

yy^T-i u>x 5 0, 5 8r^^i-6^?#*i(cJ:^fi^. 

[0 0 9 4] ^/z. ^SK3t4^(-^^^^Wl JiOO#>-3 

:y hM*^c7)^:y >^a50i£{^(C. ^^^ /WR 1 ±0/^^ — 

\.X^my^=y4i^Y^ 4;6^:/^^-f > K35iJ^S«3 9{cJ; 

'r-'ymW^W^^\^X.^mm^^X\^^, Mfc, 

»ss9o-eft. mx.\i. i^^mim\z.nm^^m=sb 
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[0 0 9 5] ±m(DXo\^^M(DU^^;u:^y^ — 

v^RSTl, R S T 2 . ^t/C7^^^:^v" — v^WS T 1 , 
WS T 2 (Cti-^tl^^ttg|55>6^{-ftfi'J»Bll^^^S«LTV>5 

.^jn/N;^X — v^WS T 2 , ;S:t/ 2 0(7) Y$icO^#f+ 8 7 

mi.mi'f. mh=r-mtfmmm<D-:^V'^^y hmmc<:>^ 
n 7 1 0 ^mm i.xmM't^o 

10 [0 0 9 6] [E17(^f4B{Cfc5^^^^;^'7^ — v^W 

ST 2;55-x;^f^{c^ll]i-5(t. :i(D^W}(Dm^xtV&\ 

tr— A9 2Y4;6^, — v^WST 2 0^1!)^^ 

•r— v^wsT 2^^ + x;^rRl{^^»)'t-6 

^-ef+Sije^-A9 2 Y 3^^. SI*E8 5 Yl^A#*L7i< 
?i§o ^rT\ T#t+8 7 Y4 ,^^?^tt-8 7 Y 3 <!r<7)r«1 

-e. f+S'HttcoStt»L^i««S(::tToT. T#f+8 7Y 

4, 8 7Y 3(^^pT;n;0^^fflV^TW^ttc7:)^S«Mr^^ 
— v^WS T 2cDYM11(7)f+SiJSrtT5i^^^;^^fe^o 
20 Z(Dtii^. :^mxi±. 9?^ex*^Lrv^5o 

[0 0 9 7] 0 8 (a) m7 (D^^y^y^'r — i^WS 
T 2^^^'tW'^mXh^ . ^(7)0 8 (a) {C*3^V^T. 

— v^WST 2(7)X;^fp]<7)^fi(l. X#(7)^#tt 
8 7X5fCj:oT. ^fr. — v?WST2(7)Y 

;^ro](7)^{i(^, 2o(D^?M+8 7 Y 3, 8 7Y4{Cj:o 
TSy^^tLTl^^. ^#1+8 7 Y 3, 8 7 Y4(7)ffiijt:^^ 
— i^9 2Y3, 9 2Y 4(DXjj[^(Dr^mi:>X2i,t. ^ 
— i^WST 2C0Slt®8 5 YC>X:^f^(7)i|JSDX 1 

30 [0 0 9 8] *#iJ(7)^#f+8 7 Y4, 8 7Y3 

19. t+Sat^-i^(D^j^.<^ LTfl*ii(7):=f|g|^(7)2ja^^ 

^tgl-^-lf mx.l~^^—^>9j}^m(Di^9:e 3 3 nm(D 
H e -N e ^^Ttlli) ^ tvT V ^(7)2)11^ 

40 Cc^Ti^iSmA f £0#BS{t^SR;^>^^^n.. r(7)#Bg 
ft-^S R;^^^#f+8 7 Y 4, 8 7 Y 3 ^^CD^tl^tKDiiL 

[0 0 9 9] ^/b. _hfSCO-vy=-n:^V Vt^ — 
ni/1 0SJ^5^HJ$LT#?.^^f::|gl. St/H 2 (7)-^7=• 
^ V t^— iN;6^^Tt#f+ 8 7 Y3, 8 7 Y 4 
T jo 19 . ^#1+ 8 7 Y 4 (in 2 n > \:f — J^(D 

uyt^\k^>m.^-t^ 2 ~ftM<D-^^fYm a 9 2 y 4 

50 #ft^,t:^^^ixc!:. S:#^ffi8 5 YrRtt$^x/t|+SJt:^-A9 
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(DiiLmm:<f> 2'^>m'^(D^7^M^ (^i)x.«2 Ti/l 0 0 (r 

ad) ) x^m^nxmw^2 7izmm^ti^o 

[0100] r(7)|^{C. f+Syt:^^— 2 Y3, 9 2 Y4 
<D^^^A.tl.X. 1 «±(OM^m^fflV^-C. S*fffi8 

Xl^m=2^ yy'/Uy<:^Jj^Xnm-= 4) fdlt^ 10 

mi^fzt^iiC^ 2^^2 71 (rad) mi^-t 

>5o ^fz. iiL^m^ 2(Di^mno^4> 2<2 TzXh^ . 

m9(Dmw^2 7xn. mm<f> 2:^^^2 7z^-h:^\h]{zm 
m^mi:ipjx'^(r)mm m^^(D7xm^^m^^) n2{-i 
^mwLx. mm4> 2mo^-^\^{zmm^mi^'t(D 
mmN2:f)-hi^mW't^o ^lt. tm\^i^mw^2 

7lt {N1 + (^2/ (2 71) } {ZXym^rmi^fznWm 
P 2 — v^WS T 2 (DY^f^<Dl^MiiLm t L 

[0 10 1] mmi^. 7 Y3^c^^v^T^. t+ay 20 

t:^ — 2Y 3:^^hm^htl^m&^^S 1 (^±tB<7)#fiS 

ft-^s R ircofitg^ci) 1 . r 1 2 7c . Xfl 

O^+H^^SCltiM-r^SifcN 1. ^r/A/m;0>^ffffi 

T#tf8 7Y3, 8 7 Y4^i'^n^^n^^^^;^7' — 
v^WS T 2 COY;^^R]CO{i^:S^, A/mcOi|iSI^Til^*)-{4 

[0 10 2] -^LT. *^!|(7)Xttc7)^iMt8 7 X 5 

BI6 (c^i-J: 0 lzYi7i^\zmtifz2-o(DU—f\^'—M.^ 
m^X\^^^fz^^ 2o(Ol^— if hr"'— J:^St+ 30 

WST 2(DW\U'^QW2^Wmx^^. ^:zx\ ^i^H 

8 (a) (D'j{k-mx^(Dm%^nQ^2t^o t f^^x.ok^^y 

:ii/NX^-v>^WST 2 ^Ifuh^-^/c T^^a^it^ftlj -C\ ^ 
#1+8 7 Y 4, 8 7 Y 3{^:fett^fi^N 2, N 1 ^ 0 iC 

{1/ (2 71) } {x/m) ^mzxnhti^%mm 
{mmm) P2o, p i o^;:^^— i^siji»^*3 sicft 

[0 10 3] -^LT. — v^^JfPSms 8T*Ji:. 40 

t+87Y4, 87Y 3 (r)tYm\^(0:^y y V^^n^fl 
-P2 0, -PlOirLT. r<:omJiT#f+8 7 Y4, 

s 7Y 3t^hWi^^f\^^%\'WM^ 2, P i\z.^(r>>^y^ 

^yV (-P2 0, -PIO) ^JomLf-ffl^. ^*f+8 
7Y4, 8 7 Y ScD^^COf+iliHiaP 2' , P 1 ' i" 

^(OtY&m'P2' , P 1 ' (i, _htS(7>?ZlW^ 
N2 = g {P 2' / {X/m) } 
f 2 = {P 2' / (A/m) -N2} 

g {X} x^®K:^c^v^*Ac^S$^*4;t5 



^m\^m'rz.t\zf^^o ^mmm<D^mm (P2o, 
p 1 0) ittstS^nrv^a. 

[0 10 4] E18 (a) {Z^\^X^ fpzx.^^:^^-- 

v^WST 2;5^-X;^f^l^M{^^tbLT. HIS (b) {Ztv^ 
-rf4B{^aSLfci:i-^o 138 (b) X\t. ^#1+8 7Y 
4(Of+fflt:^-A9 2 Y4;^^#»)Mi: LT(OS:Wffi8 5 Y 
t^^^flX^^^^ Z.(D^mX\±^ r^oi/^y^T^ — v^WST 
2C0YJ^<l{i. ^*t+8 7 Y3icJ;oTf+Sy$^^Tv^;5 
^c7)^-rao r(7)iKtJ;0^^S^t5|ll8 (a) t^T^i-fiet:! 
r^7i)^or — i^^WS T 2 X;^[^iC#Sj^*& 

^s!). Sl^ffi8 5 Y;6^T#f+8 7 Y 4 COt+gy If — A 9 2 Y 

A(ow^Mmm mmwrn p^^cAofc|gl^c. T#f+8 7 

Y4(7)f+SJfil^j[^TcoJ:9{::LTi3:^ (:7^Uir>yh) 
[0 10 5] S-f. Xtt(7)T#t+8 7 X5C0t+aytf— 

9 2X5 (2*60^~if fc''— i^) ^;lJ:oT'^^/^;^•r— 

v^WST 2C0|HJte^ 0 W2 (^^^£0 {Cial^^g[/J^fi (ra 
d) "t^'fc^) ^t+fiiJ-r^o Z.<Dm&.X\ 12 8 (a) tCjo 
v>r. ti-fflb^-j^9 2 Y3^fflV^5^^#f+8 7 Y3{;:J: 
^YffiUc^f+SyMP 1 **^5o /c/cL. :icof+SyffiP 

•^UT. ^jx.{^;^-7^-v^®j»^g3 8 (cjov^r. ^(7)1+ 

ayttP 1 J: «9 T#t+ 8 7 Y 4 (?^^?#CO^ifi:N 2 (N 2 

^^) ^sSf 2/ (2 7r) ^coi«:e^it^*i6 6o r 

[0i0 6]ip-i3. :^x-v^SiJ{W^e3 8P^<7)igg:g|5 
f^. t+»Jtf— A9 2 Y3, 9 2 Y4(7)^1|JSDX 2. 

— v^WST 2COlH]$5:^(7)ffSJJfit0W2, ^#1+8 
7 Y 3 (7)f+aiJiiI P 1 , ^n^\m\ 87Y4, 87Y30O 

%\mm.(rymmm.<r)m'7^ (=p2o-pio) j:<9. t?* 

1+8 7 Y4CO:t:7-fe:y h«jEmjCOf+ay« P 2 (7)«|^ffi P 

2' ^*(7)J: 9ic»tH-r5o 

P2* =P1+DX2-0W2H- (P20-P10) 

[0 10 7] \n^\^)^m.^m\m\^Q^2(r)tY&m^t^ 
r(7)«:£flSP2' ?r^(7)**T»t+8 7 

Y4C0^ftc0f+aiJfiP 2c7)fei: L-C:7°y ir:y h LTt J; 

v\ \^t-\^f^t-h^ %Y&mQ'^2\z\%^^MKm\mm 

^iy^^^^X\^-^:L}i-h^^^fz^. ^#1+8 7 Y 4 (i*M 
A/mWi£-ete^{i«^l+ayT-t5:i^^*IJfflLT. 
(7)^a»gf5{l-^(7)fg^fi:p 2' ^SS5^c^am^i:(::5>Al 
i-^o t/goT. T?M+8 7 Y4(7:>f+aytt(^4t^ffiP 2' 
<7)4^-T?ft^;./mc7)N2fg(75?^t)c0^iI;i>S^£ 2/ (2 

smN2. RximWi^ 2^na («*) -r^o 

[0 10 8] 

(1) 

(271) (2) 

^ffi (N2, 5 2) ch. ^#1+8 7 Y4-Tr^|^tCt+ay$ 



Ill 1 1 



( 17 

31 

tl^m^^ {BMiiW ^2tt}>h. ^miS 7Y4(D 

[0 10 91 E]9(i. *0'Jco;^7^->^3!iJ#pgB3 S(d- 
^U=f-m\S 7Y 4(0—%^fr^\^, El 9 (c^^ J: 5 

=^m\s 7Y m7L\^i-—^imt^h\^ti^fi 

^j:^. m(D^mih^^-^^tiiiLm^m^2 6^ Rximw 
^2 7^ffix.ri^5o 

[Olio] mw^2 7 a. nmma±±m(DX 

(r>{imm^ 2CO^^^l:J: t9S^N2^«»LT. {N2 + 
0 2/ (2 7t) } \z. (X/m) Sr^CT^^n^f+PJItS 
P2$r. (;$:i?[)'Tr(lRWffi8 5 Y) co^ift*^^ 

e^coKift^E] 1 O^#0SLoogiP^i-6o mi-t. Si 

o-cfi. N 2co«:^1ii:^^^N,^ LTv^5o 

P2= (A/m) -N' + (X/m) 

::ix(-i:-^T. ^#tt 8 7 Y 4 (7:»f+aiJ1itP 2 (1, %mt^ 
\^Jt(Dm^m^iV.fz.Z.h\^fS:^h^\C^ ^#1+8 7 Y3 30 

[0113] i^±c7) J: 5 (^:*:0iJ-e{i. MS/O^^fDSt^Tfe 
m^tb§S'J^ttSr-^<7)^l(:OT#ti-t7)^#co^^ (N 

[0 114] fj:^. mmiL^±ifm^. i^h'^^<Dmmx- 
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[0111] HlO (a)'-'(c) (C^oV^r . lllttf^# 

= N-1, k=N, k =N+ 1 (/)45ia(7:)fitg^^lKl^L 

Tv^6o io(Di^^rt-e{itiM{i 2 Tc^^^fbLXv^^o EI 

10 (a) II. mm<DiiL^m<^ 2 titL^m(Dm'^mE 2 

t (D^(D^&Mi&:^^^ 71 X ^9/J^$V^ ( \ (!> 2 - e 2 \ < k) 

(b) mm(r)m^m<i> 2^^hm^(Dm'^me 2^m 

Zfzim^K (<i>2-f 2>7i) S^^^LX 

-l^{z:h^(DX\ yv^yVmN' l-t. N' =N-1 

t-r^. ^ti. mio (c) ji. mm(nmm4> 2^^h 

fit@<7)Ji^{fi £ 2^MC/cia:;0^-7r J: (<f)2- 

+ 1 t-r^. 

[0 112] tt»^S^g2 SXn. a-bc7)J: 
*i6/-7^yir^/ bfliN' I119(7)a»^2 7{;i>Ff-r5 
yV-^y hmRB.tl.xmtl't^o mW^27Xl^. ^ 

y^^yhffiRE dP^N' ) ^S^N2cD-7"yir:y hffi 
^LTi^;eU> futBi:bl^ts2 6;0>b(7)f5:t@^<^ 2 i:-^cO 
S^N' ^75^t>7i:coj:9f-YM«cofj-aiJ«:p 2^SmL 

{^2/2n) (3) 

SM.MSm2 8(7)aj;fj (-7°y bfifi) RE (=0) ^ 
^S:^2 7{::f^^i-;5J:5(-LT:Jo< >^^M7^>>fo5o 

51[tfftt/i>^«»^2 7 (^#tf8 7Y4) {C^:^^n5 
rcl:(c/^6o fWHl(C^#ft-8 7 Y3cO|IlSBffitm@^<i» 

[0 115] ^f-. «»^2 7coai:;^p 2;5>i^^^^t^jj;i: 

J;v\ ^f»^2 7^f^Jx.fi^yir^y hLfdtl. 

tm^mmW 2 8 b y ir h 2 7 ^ 

%^2 7{cy'V±y hmt LXm^^-r^ :i t7!)^^X^ 

f^^tzt^^)^^. ':fV-^yhmRE2mMM^^2 7{zm 
^ $ n 5 ^ X (7) ^1 (7) y N 7- — v;? (7) ^ ffi i ^ % b 

[0 116] ^/t. — v^WST 2;i/> 

^t!j-r5^(C{^. ^7rc/N;;^X — i^WST 2c7)filjffi8 5 Y 
lcTj$tt-8 7 Y 3-^8 7 Y 57ii^b(Dt+aiJt:'— jU<7)F^{prtl 

;0 ^ 1 ttS'J t^^- A $ V ^ 5 t)^^h^o t(r) 



mil 
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tC^-rt+fflt^^— i>^9 2 Y3, 9 2 Y4 60^^0X2) 

^^^^ — v^ws T 2 cr)X;^5rR|^:>*MDX 1 <i: 19 t 

[0 117] S/c, |l6(Z)U-^^/l^;^v""->^RST 1, 
R S T 2 (DitLWitfM^n 0 f:-^<D^W%\ 8 3 X 1 8 3 

3^^^^T5lll^t^*^2^oM^^v;=^7^i^;5>i^^te>nTv^ lo 
[01181^1 (Dmi'&'y^'rM't. in 1 1 {^^-r J: 5 

Oo rcoS|i(^)iSilv'XT-A{^. Yto;^f^{c5mtJ<5^i 

9 6 AtC?Oor#i!j-r^||lS.t>*M2cO;^^^^^9 7 
A, 9 7C. ^1 (7);^^^^ 9 7 Atz::fei9f^'ft^H7tT 
KT — A98A, ^2cO;^^^^^ 9 7 C(cSi'9f\l* 
{t^;h.fcn- KT--A9 8 C^^^^T-«^$n6® 1 20 

[0 119] ::(7)||i(7)^3llv':^7^i^l^J:5^^:3iyN^j^ 

(Dmmz.-:^\^^x. mmcmm-r^o mi 

^^>^7^ — v^WS T 1 _b{Cfc^ 'J':n/NW 1 ' c^||l(D^:3i 
/>n->5^1cJ:i9iSil|$tlT#/c'i7^yNWl 

r>rc/N>;-7- — v?WS T 1 Ai(D^m^(0^::^^^^^/vy(DM 30 

^^X. '>n:/^Wl' ^rvn— KT-iN9 8 AdSit 

rvn- Kr-A9 8 A(0^^eS«^^*6$ 40 

it^c ^!^{-. ±*J»Sg9 OT^fi;. ^:^y^t2--ymmm 

m^^T^ti— KT — A9 8 AcOiSie<i: n~ KT — A9 8 

j>^9 sAtmi i(D-Y^\^^(D^m^mi^i.. ^^^^ 

Wl ^^^^J Lf-CJ— KT — 9 8 C;6^^^/^Xv^ — v^W 
ST l(Z)_b;^(c^f- '^^-^^n-^^$ij#p^g(cj: 
t^- KT-A 9 8 CcDK^P^*;5'^«fl^^tt. ^v^rir>^ 
^-r :yy'^9 9^_h#ig»jt-6r r>m/NWl ;6^r> 

[0120] ^/c, — v^WST2 ^(^DPrI-Ct^ 50 
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:nyN(^^(tjgb$rtf 9^2c7:»*fi3l^ix;^-rAfi. m i 2 

K9 6 B. r:(7)|g 2 C7)u— r^V K 
9 6 Bt^ftoT^ifji-^;^^-!'^ 9 7 BS:r/9 7 D. ^ 
3(7);=?.^>r ^9 7 B{c5i'9<^{t ^^xfcT^-n — KT— A 
9 8B. ||4(/);^^^^^9 7 D(::ffi(t9#it ^nfrn— K 
r — A 9 8 D#^^Ay-C«j5)c^nTV^^o KT — A 

9 8D^C^i7i:^CK7t^tL5^7^>'^W2' ;^^«:}#$tLTV^ 

[0 12 1] *0rJ(7)Sf^K)t^g(Z)2O(7)r>zii/N 
— v^WSTl, WS T 2 (Cj;^MttM^iCoV^TBl 
1 l&I/gl 1 2 ^#.BS,LTtaP^-r6o iaii{-i^> 

— v^WST 2_h(7)'>:3i/NW2 {^fe^^t^^P L 1 

{^X±m(Dm^^LX^^y^:^'r—i^WSr 1 <h^l (T^ft^ 
311 i/y^ 7" i: PbI 9 ^^^05£»;a5tT t>nT V ^ ^ t^AItT) 

T iJiTil. ^^/>^m{::§lt^i/^Ttt3zEi-5 J: 9{^L 
xry^:^>VmY^m'it>th^o ^c£:fc\ Ell 1 f^i^sv^ 

fl. ^j^f+v/y^7"A(Of+SiJlf— ^^9 2 X5, 9 2Y3C0 

V^tm'j ^ ^ ^ ^ "7" — V^W S T 1 co{4g$iJ » . 
'^^f\-i^:^'rJ>^(Dfm\\f—Ms9 2 X2, 9 2 Y 1 (7)t+JiiJ 

[0 12 2] ^r/T*f+(7)^zfSSfii:^:£(^?l 

S T 1 iitCgte^tL/-^ "^^^^W 1 _h^^^M^tif^ 3 OCD 

V h^8 8 Ac;:)L s A^coir^/^^^^ffli^Tf+iiJ 
L. ^(7)ftaij|j^{^s-5v^r'^:3iyNwi cox^^fR]. y;^ 

h(Dm<D^^(Dmm^. *$ij«isb9 o(cj:t)$yw 

[0 12 3] ZCO-^ — ^f-Ty^^^yhcDmr^ik. 
Wl_h(7)#v'3 :y htM:{^<7)iE^iJ4rCr-e(^EGA (^V 

;^7=-A (f+fflb^ — jU9 2X2, 9 2Y1) (^ct^Q. 
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[0 12 4] -^LT. — v^WST HIiJ-e\ ^ 

:i(7)^;^#bti/':i^^^^W2±coV3 y 

S-:5V^T. )li*'^^/^W2±(^)>>3 5/ hM«?rS.^3t^ 

^PL l(7)5feWT**{-^»J^il:f::t*. ^v^a^yhM^O 

E]6(OU^^/W;^7^ — v?RST 1 (X(1R 
ST 2) t^:^^^:^y' — iyWST 2 t^^^:^\^\^^m 

-v^RSTl. RST2$' + Y;^[^(CFif^S^»Lri/ 

[0125] ±3zEL/c|ll 1 1 ^C^i-2o^7:>^73l/^;?;•r• — 
v>WSTl, WST 2_b-rmTLTtT:^:>n^S7tV->^ 

mi'ftmT \^ fz.m.^.xm 1 2 {^ff^-titLm^x'y ^^^^^r 

-i^WSTl, WST 2;6S^»]SiJ«I^tL^o LT . S 

"^-v^WS T 1 JicD'^myNWl Sf^Tt^^PLlCO 
T-eS^v— ^>';^;OHT:bnao H 1 2 ^C^$^^S;&{||J 

[0 1 2 61 ±fSCOJ: 5f-*^J-e(±. 2o<7:>r>myN;;?.y- 

-v^wsTi, wsT2 5^^^■^z:LT2^fc^^rf^lc^i^)$ 



^EloTv^ao <t:^'5;^^^. 2o(;o'^ni/N;:^^ — v?^{go 

r 2O(Z)t4f^^fWl0#3fetT^a-r^m^Ji. -^(Dr^:r./N 
^ - ^:;?-CtT^;btL § i!lf^(^J^S^^ ;t 6 

"i^ / N ;^ -r- - TIt ^ ft ft ( ^ W 5r ^ X. 
miWmttj:^W}i^tf^hf£^^W}i'ft\c^^^fX. 

[0 12 7] ^^m^^n. r^m/NWl irU^ 

^/i-Ri, R2 t^^mxmm^^^^^:it'^-hs^ii 

r>m/NW2-ettt5n5T^^7^ >^ V^^—^>::^\^^\^X 

■r--v^WST2^ff^Jh$-^fct^ffiT*tTt)ix§f^^s6. 

•^—^t\m\^^U0Z.t-f)^^X^^. —Jj. TyH?^>Viy 

'-^>::^\-'^\^^xh^ ^^mit^it.^ WMmm^^(nxs^ 

SL t\~±fj:^ -TWrnmYmmi; x. ^ r ^ t;^ ;i 5 o 
[0 12 8] ^7t. ^^>'^3:ctfe^#^^ib^v^Tt[p|«(/)^ 

^) \z.^t^^X^:^y^(D^\r^\^^^^X,o\c\.xi^^ 

[0 12 9] JE{C. *^ij-efl. ^^t:$CCDU^^/V^j$o 

(1. »3tX?M^{i^^/^< <!r 2m.m'0'^^f^nf\.\^fl^fj: 
m^f)^9z<^<^-:>X■Xm^:^;^y-yy Vtmr-T^. 

:^m<D2-^<D^:r,,^:^y^^^J:^m7Lfz^mm 
[0 13 0] /^jb\ *:^PJC0aiffl^tH;asmt^PS^^n 

/v—^y b^t^Sr ir^^^-t^tSo ^c^So. :L(D^2(D%m 
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— ^ (7)ffl t)-^ J: o T X -7" - v^^IESj U T V ^ 
2 7jfe^6<) {::ilEWj-r a J: 5 I- L T J: V \ 

[0 13 1] ^mm(Dmm<7^mmytmmn. 

«gPp"p75^?:)7i^l/^^/l^^-r-v^RST (RSTl, R 
ST2) , ^3i/>;3;7^— v?WS T (WSTl, WST 

^mm^^.ph (PLi) (7)7fe'^ps^tTV\ JS^^. lo 
m^mm imm.mm. mi'^mtm) ^'r^:it\cx^m 

[0 13 21 ^/c. _hfEco^JS(Z)ff^tJ'e(l. ;^'7":y:7°. 

[0 13 3] *^P^f±±a!co3l^£(7)m^(^|5g^$ 
[0 13 4] 

[0 13 5] 7X1^. ^mm<^m2(D:^^-i>'^m!i^xrL 

[0 13 6] *^0^(7)^i coS7tSM{^J:tLfi. 



2000-164504 

38 

\^±^m^^t7!)^-x^^o 

[0 13 7] 7jk{c^ i^mm(Dm2(DmitmmiiCxtiit^ 

\C'^^m^m^bm(r)mm(D^^nti^^^t{cx^x. ^ 

1 (D pJiS X T- - S^O^ t ^ (^i^^^*/J^PHi- # 6 

(D mmwimm . 2 ^td - ( ^ n 

[0 13 8] m^. :$:mm(Dms<Dmytmm^^xtii^. 

iyxm^mi'f^n^ ^ ^ . m (D^m ^ - v^t i^mm 

[0 13 9] tJfelc. *^PJco||l(D{4«^26*&{^J:tL 

-So 

[a®cofflm/c^mp>«] 

[0 1 ] ^mm(Dm 1 (^^*fecDm^(7)Sf^g5t^e(7) 
m^mi^mxh^^ 

[13 2] 0 1 <7:»^7 3i/n::^7^-v;^wst. &t/f+PJffl;^ 

"7^— v^i A^^-tw-'^mx^^. 

[0 3] g|l(7)Uf^^/l^;^-7^ — >?RST. ^U^ftaUffl 
v^5 ^^-TT-ffiEIT-^^c 

[114] m\(DmM(nmm\z^\^x. wmm^^—i^ 

[0 5] 2 <Dmmmm<D^^m%mw(r> 

mmn^^mxh^o 

[0 6] 0 5 (D'MM(^MW.(D 2 0(7) f> ji^n;:^ v^ — v^W 
STl,WST2(b, 2 0(7)l/^^/V;:^^ — v?R S T 
1, RST2 Sf^Tt'^^P L lir. T^-f7«>-b* 
8 8 A, 8 8Bi:(7)f]L®Ki^*^-r#f^a0Tfc5o 

[0 7] 0 5 (Dry=cy^::^^^i>(omW}mm(Dmf&^^ 



II 1 1 



( 

39 

[El 9 ] ^mm(Dm 2 (D^jfeco^f^ftgco^^t+ix;^^ A 
A tt 5 {H-^^SI(7:> -f^y ^ /j^-TE 6 o 

[01 1] 2oC0'?3i/n::^t- — v?WST 1, WST2 
[SIl 2] igi 1 ^7)^n:./^^^^ • T^-T^Vhi/— ^ 



imi] 




21 ) #^2 000-164504 

40 

[?¥-^CDlftP^] 

MA, MB, MCI, MC2, MD 1 , MD2---S^ip'^ 

— R, Rl, R2 - U^^/U, RA, RB'-U"^^ 

> hWl^M. RST, RSTl, RST2--- 
U^^^/Vy^T^ — v^, W, Wl, W2 WST, 
WSTl, WST 2--^rc/>;^^ — 5 • • • f ffl ;^ 

— i^, 7X1, 7X2. 7Y, 8Y, 15X1, 15X 
2, 1 5 Y-U-if^fM+. 1 0•••^$lJ^fl]^. 11--*S 
^il^ttiS^^, 13--*S. 1 4-f+aiJffl>^^-v^. 1 

SS. SSXl'-SaXS, 83Y1'-83Y4, 87 
X2, 8 7 X 5, 8 7 Y 1 — 8 7 Y5---^#tl-, 8 8 

A, 8 8 B-"r^>f ^ 9 O'-^mmms 

[112] 



15Y 




[03] 

7Y 



1 7C2 
MC 



^ 9 

RST-xJ 

AX 



3' 24Y 



1702 



4B-0 



5^ 



iMCI 




24X 
7X1 



IM 
17D1 



MD2'^25Y 8Y 



25X 



[1^4] 



^22X \ 17A 




( 22 ) 



Wm 2000-164504 





Y 

<2> 



(c) <fr2-£2 <-7r 



<^2 



£2. 



kS(H ' : ' k=ll k=N+1 



( 23 ) 



!l^m2 000-164504 



85X 




MST2 



[09] 




[mil] 



mi 2] 



92X11 




92y2 92Y3 
W2 




PL1 



92Y5 



T 

92X5 



98C 



1 — 



92Y1 92'r2 92Y3 



92Y4 




( 24 ) 



2000-164504 



F:^ — 2H097 AA12 BAOl KA03 KA28 KA38 
LAIO 

5F046 AA13 CCOl CC02 CC13 CC16 

CC17 DB05 DBIO DC05 DC12 



